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Another Allis-Chalmers 
network transformer goes into 


service—solving a load concentration problem, 
Compact design, rugged construction, conveniently 
located accessorie features that mean maximum 
dependability and easy maintenance have made this 


unit the logical choice of utilities everywhere. 
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If you have a system load problem, skilled, expe- 
rienced Allis-Chalmers engineers will help you or 
your consultants in working out a solution. Call 
your Allis-Chalmers representative, or write Allis- 
Chalmers, Power Equipment Division, Milwaukee 1, 
Wisconsin, for further information. 
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B. 1. S. Photo 
THE COVER: World's largest 
radio telescope tilted during 
test. The 250-foot instrument 
at Jodrell Bank was built for 
Manchester University for ex- 
ploration of the skies by radio 


astronomy. 
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Hearken to this woeful fable 
of the man who bought a “bargain” cable 


A. C. Current, a budding E. E. 
Bought cables from many a source 

But he didn’t take time to consider, you see 
That some last longer than others, of course. 


For some circuits any insulation will do— 
For others, just one type is proper 

But Okonite he never consulted, we rue, 
As to which one should cover his copper. 


It seems Mr. Current mistakenly thought 
(Indeed, ’twas a total delusion) 

That Okonite cable would cost him a lot 
Whether made by strip, tape, dip or extrusion 


Only Okonite insulates cables all ways 
So our prices are not always highest 

And thus when you ask us what cable to use 
Our recommendation’s unbiased. 


The price does differ, depending on methods 
(The type insulation and how it’s applied) 

The proof of the pie is in service records . . . 
Which we would have gladly supplied. 


But A. C., in order to make things look good 
Chose a cable he thought was a “‘buy”’ 

It lasted, we hear, no more than a year, 
Then blew him and his factory sky-high. 


We hate to relate this horrible fable 

But here is a moral for all: 
If you should desire a superior cable 

By extrusion or strip . . . by taping or dip 
Just write us a letter, or call. 





No matter what insulation or method of application you 
want (ond we use them all) you'll get the best of its kind 
from Okonite. For a frank, down-to-earth discussion on 
cable insulating methods, write for Bulletin PG-1106, 
The Okonite Company, Passaic, N. J. 








where there’s electrical power . . . there’s OKONITE CABLE 
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Aindld Megmetio Majeriale 


... the most complete line in the industry 


PERMANENT MAGNET 
MATERIALS 


Cast Alnico Magnets 
Sintered Alnico 
Magnets 

Vicalloy 

Cunife 

Arnox Ill 


HIGH PERMEABILITY 
MATERIALS 


Tape Wound Cores 
of Deltamax, 
Supermalloy, 

Permalloy 


“C” and “E” Cores of 
Silectron 

Bobbin Wound Cores 
Molybdenum Permalloy 
Powder Cores 

Iron Powder Cores 
Sendust Powder Cores 


Special Magnetic 
Materials 


Arnold magnetic materials can answer all your requirements. It is the most 
complete line in the industry, and in addition, Arnold maintains complete control 
over every production step from raw materials to finished products 
Typical testing of Molybdenum Permalloy Powder Cores is illustrated above. 
Precision equipment and methods such as these accurately measure the properties of all magnetic 
materials before shipment, insuring ultimate performance in accordance with your specifications. 
Such a source can bring you advantages in long experience and undivided 
responsibility, and in unequalled facilities for quality control and production, 


© Let us supply your needs! eae 
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Why More Utilities Are Selecting 


L-M Type E Valve Arresters 


L-M valve-type distribution lightning 
arresters have established an outstand- 
ing performance record by giving mil- 
lions of service years of reliable pro- 
tection. The Type E has been a leader 
in the field, and hundreds of thousands 
have been giving excellent service for 

many years. The failure rate is phenom- 
enally low. 

Here are some of the reasons for this 
remarkable record, and for the great 
increase in customer preference for the 
L-M Type E valve arrester. 

Balanced Sparkover: Spark gap is a 
ladder-gap design, pre-set and then per- 
manently sealed in the arrester housing. 


It cannot be knocked or burned out of 


adjustment. Gap is precision-made to 
assure optimum balance between 60- 
cycle sparkover and impulse sparkover. 


Low IR Drop: L-M now has a new Type 
E arrester, the E-3, which provides even 
lower IR drop than its popular prede- 
cessor. The new Type E-3 also provides 
greater durability and discharge ca- 


pacity. These advantages are made 
possible because the new Type E-3 has 
an improved gap which provides greater 
60-cycle interrupting ability, permitting 
reduction of the resistance of the valve 


element. The oscillogram shows the im- 
provement in IR drop between the Type 
E and the new Type E-3. 
Positive Protection: L-M valve arresters 
have a Pyrex glass housing which per- 
mits visual inspection of the spark gap 
in the field. Should the arrester become 
damaged, telltale evidence can be 
readily seen through the glass. If the 
arrester should fail to interrupt 60-cycle 
follow current for any reason whatso- 
ever, L-M’s patented Isolator provides 
positive assurance against grounding 
the feeder by disconnecting the ground 
lead from the arrester 

Other features include Zincilated 
(Zincilate No. 100) arrester housing 
clamp, fibre-glass cap, and fibre-form 
packaging. New packaging provides 
additional strength to the carton so ar- 
resters can be stacked easily on pallets. 
Get Complete Information 
Get the whole story of L-M arrester 
performance and application. Ask the 


L-M Field Engineer, or write for 
a copy of bulletin on the new Type 
E-3 arrester, to Line Material In- 
dustries, Milwaukee 1, Wisconsin. 
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Oscillogram shows reduction in discharge volt- 
age in the new Type E-3 valve-type lightning 
arrester. Curves are for a 9 kv unit. IR drop 
has been reduced from 41 kv to 31 kv—a 
remarkable improvement in a unit that 
already has established an enviable per- 
formance record over many years’ service, 


LINE MATERIAL Industries 


McGRAW-EDISON COMPANY 


GY Lightning Arrsters 











Engineers: Holmes & Narver, Inc Contractor: Newbery Electric Corp 
Los Angeles, Cal Los Angeles, Col. 


22 Acres of Custom-Engineered 
Lighting by HOLOPHANE 


In the great new Douglas Aircraft Plant at Long Beach, California, 
you can see clearly for more than 1000 feet — with a high degree 
of visual comfort Reason: the lighting is produced by 
5767 Holophane Prismatic HIBAY* reflectors ...to our knowledge, 


the greatest accumulation of controlled illumination under one roof! 





Holophane luminaires had been used by Douglas for many years 
. The decision to install them in this new plant 
was another endorsement of Holophane lighting superiority. 
#.% % 


Through research and development Holophane engineers are of 


Wea 
discovering new and better methods to meet the lighting problems das ste ate E 


of the nation’s expanding industries. Chances are, they can Typical Holophane 
help solve your problems, too. You may consult Holophane, HIBAY Reflector — | 
aa 


(SONOS) 


through architects and engineers, without obligation. AB Pes 


omek Seok 2. F a. 8 


COMPANY, INC. « Lighting Authorities Since 1898 
342 Madison Ave., New York 17, N.Y 


THE HOLOPHANE CO.. LTD., 416 KIPLING AVE. S$0., TORONTO 14, ONTARIO 
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subminiature wire-type i ed, / 
ANTALOM CAPBACITO 

tantalum capacitors and SERIE 

variable transformer ; 


GREATER CAPACITANCE PER UNIT VOLUME 


The new Series TW Ohmite subminiature Tan-O-Mite® 
TANTALUM CAPACITORS are wire-type units that fea- 
ture greater capacitance per unit volume, lower leakage cur- 
rent and power factor, and small capacitance drop at 
extremely low temperatures as compared to other types of 
electrolytics. Ultrasmall for low-voltage DC transistorized 
electronic equipment, these new tantalum capacitors have 
high stability, high capacitance, long shelf life, and excellent 
performance under temperature extremes of ~—55°C to 
+85° C. They are available in six subminiature sizes: 0.1 to 
60 mfd. over-all capacitance range. 





UNINSULATED INSULATED 


D iinches) L linches) 0 | 


075 (5/64) 156 (5/32) 082 
075 (5/64) 187 (3/16) 082 
095 (3/32) 172 (11/64) 100 | 
095 (3/32) 250 (1/4) 100 
125 (1/8) 312 (5/16) 134 
125 (1/8) 500 (1/2) | 124 | 





Smallest size is .075(%,) x .156(%2) inches; the largest is 

-125(%) x .500(4) inches. Five stock sizes are available in 

a wide range of capacitances, voltages. Units insulated with 

a tough Mylar® plastic sleeve can be furnished. Write on 
MORE CAPACITY FOR EQUAL SIZE company letterhead for Bulletin 148B. 


The rating of 144 amperes represents a continuous rat- 

ing at any brush setting. This “bonus”’ in current capac- 

ity is the result of a unique core design by Ohmite. 
The new Ohmite VARIABLE TRANSFORMER © 
model VTIR5 features: Long-wearing, nonoxidizing, 
rhodium-plated coil contact surface, a ceramic hub that 
mounts the contact arm, and provides 3000 VAC insu- — 
lation between parts at line potential and shaft assem- 
bly; positive brush to center-lead connection because © 
brush pigtail shunt is bonded into solid copper-graphite ~ — _ ' — a 

slip ring. Input voltage is 120 V, 60 cycle; output volt- 

age is 0-120 V—0-132 V. Mounted by 44°-32" bushing OHMITE MANUFACTURING COMPANY 
and nut. Write for Bulletin 151. 3614 Howard Street, Skokie, IIlinois 
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with Westinghouse rerated motor starters 


Here’s real news for cost-conscious, space-conscious electri- 
cal planners, 

Westinghouse Life-Linestarters® (sizes 0 and 1) have been 
uprated... giving you the advantages of more horsepower, 
less space, lower cost! 

For example: if you’ve been controlling a 440-volt, 5-hp 
polyphase motor with a size 1 starter, you can get the 
identical control and protection with the smaller, less costly 
size O starter. 

And speaking of performance... 

Only Westinghouse starters have the De-ion® arc quencher, 
which greatly increases contact life by reducing burning and 
pitting. 

Westinghouse starters utilize high-strength, non-carbonizing 
Rosite insulating parts for maximum safety and operating life. 

Westinghouse starters have double-break, silver-to-silver 
contacts for longer life and greater dependability. 


What’s more, the entire starter line is designed to simplify 
installation and maintenance — featuring front-removable 
parts and straight-through wiring. 

For the full story, contact your nearby Westinghouse sales 
office. Or write Westinghouse Electric Corporation, Standard 
Control Division, Beaver, Penna, J-30280 


110 Volt 220 Volt 


le 3@ le | 3e 
Od = 6New Oi New Ot = New 


Od = New 
| Rating Rating Rating Rating Rating Rating Rating Rating 


440-600 Volt 


sa ; is 3e 
Od New O14 New 
Rating Rating Rating Rating 
1 1 1% 


= 


1% 2 ™% 3 3 5 


1 1% 2 3 3 3 5 5 10 




















Westinghouse uprated starters give you: More horsepower — in 
eight new starter ratings. Less cost and space — in applications where 
the rerated size 0 starter replaces the size 1 starter, and the size 1 
replaces the size 2. 








you CAN BE SURE...iF its Westinghouse 


Please mention ELECTRICAI 


ENGINEERING 


when 


writing to advertisers ELECTRICAL ENGINEERING 











precision circuit control demands 
precision indicating instruments 
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insure pin-point circuit accuracy 
with T! panel instruments 


Performance relies on circuit control ...made possible by ; ; 
output measuring instruments. When you use TI panel in- select from a wide choice 
struments, you can measure the exact output of your expertly 

designed equipment... you can control this output for peak 

performance. Regardless of the high quality, close-tolerance movement — ac, dc, thermocouple, rectifier, 
components in your applications, your precision circuitry is elapsed time, vu, db 

only as accurate as your indicating instruments. Rely on TI! style — front-of-board, semi-flush, flush 


; enclosure — phenolic, hermetic, ruggedized 
All TI panel instruments are built to exceed MIL-M-6A and 


% shape — square, rectangular, round, fan 
MIL-M-10304A ... and are accurate to within 2% or less of 


case — molded phenolic, metal 
size (inches) — 1%, 2%, 3, 34%, 4%, 4% 


special — any modification to your specifications 


full scale deflection. Custom-designed instruments can be 
built to your closer tolerance requirements. For reliable 
measuring instruments with lasting calibration plus long 


service life, specify TI. 


For rapid delivery of panel instruments... depend on Texas Instruments 


TEXAS INSTRUMENTS 
WRITE FOR BULLETIN No. DL-C 631 a a an a oe oe or ae ae. 


POST OFFICE BOK 312 . eo ee ee 2 
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General Electric offers 8% lower prices, faster 
delivery in 24 new ratings of RM“ reactors 








Y% PRICE REDUCTION and two to three weeks shorter 

shipment, possible for years with G.E.’s Repetitive COMPLETE RM* REACTOR LINE 
. Unshoaded ar d 

Manufacture (RM) reactors, are now available in 24 ee ERP OSes Sie COREE 
new ratings up to 2000 amperes in both the 4160- and 4160 VOLTS 
14,400-volt classes. This ‘ans maj avings / 40 ) 

' volt classes. 1is Means major savings in your ‘os |x x x 
most-required protective ratings 16 x x 

.10 x x 


RM REACTORS HELP PROTECT COSTLY EQUIPMENT and oe 





reduce system expansion costs by helping limit short 200 300 400 600 


circuit currents to the capacity of other components. AMPERES 


ror t ‘ason, G.E.’s reactor ratings are designed t 
For this reason, G oO gs lesig oO setts nema 
coincide with the standard short-circuit ratings of 


switchgear, regulators, and other system equipment. 


OPPORTUNITIES FOR SAVINGS exist throughout your 
system. Feeder protection, bus sectionalizing, bus 
synchronizing, and neutral grounding are only a few of 
the applications where G.E.’s complete line of reactors 
can help reduce equipment investment. Full details are 
available from your G-E Sales Engineer or from Section we le 
422-38, General Electric Co., Schenectady 5, N. Y. menses 


*Repetitive Manufacture 
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Polyvinyl chloride (PVC) compounds 
have been widely used in the wire and 
cable industry. These compounds have 
many useful properties and have found 
wide application as insulations and 
sheaths. These properties and applica 
tions were discussed in Current Trends 
No. 4, entitled “Progress Report on 
Polyvinyl Chloride Insulations.”” Like 
most materials, the conventional PVC 
compounds have limitations, and there 
are many applications where these 
weaknesses have prevented taking full 
advantage of the good features. This 
discussion is about a special PVC com 
pound, which was designed and devel 
oped in an effort to incorporate into a 
single compound as many desirable 
properties as possible. Known as Syn 
thinol 901, this compound was devel 
oped in the laboratories of the Rome 
Cable Corporation, Rome, New York. 
Today Synthinol 901 is being used as 
insulation and sheath for wires and 
cables in many applications where con 
ditions of installation or use require 
properties not to be found in conven 
tional PVC compounds. 
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FORMATION OF POLYVINT. CLORIOE ON WIRE 











Graph shows heat deformation vs. tempera 
ture, and compares Synthinol 901 with con 
ventional Type TW compounds. Test run in 
accordance with Underwriters’ Laboratories 
standard procedure, except for temperature 


Shortly after World War II, the 
Underwriters’ Laboratories established 
the need for a PVC insulated wire suit 
able for wiring appliances where an 
operating temperature rating of 105 C 
was required. Rome Cable laboratory 
attacked the problem of developing a 
PVC compound to meet U/L require 
ments. The laboratory was also given 
a list of desired additional properties 
for incorporation into this compound 
This project assignment was completed 
in 1949, at which time Rome Cable 
introduced Synthinol 901. Since 1949 
this compound has provided the solu 
tion to a rather impressive list of tough 
wiring problems. 

True, there are many 105 C PVC 
compounds available today; there are 
likewise compounds available which 
possess one or more of the individual 
properties on the list describing Syn 
thinol 901. What is unusual is that here, 
for the first time, was a single PVC 
compound which possessed all of these 
superior properties and which also re 
tained all of the properties found in 
conventional PVC materials. 

Rather than presenting data and 
charts, it is believed that the practical 
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An unusual polyvinyl chloride compound 


value of this compound is better illus- 
trated by relating a few of the concrete 
results of eight years of continuous 
work with users who have had difficult 
problems. These case histories are all 
a matter of record. 


1. Oil refinery, industrial and 
chemical plant wiring. 


Plant and oil refinery engineers had 
long used Type TW for plant wiring. 
Results were good, but too often the 
heat deformation characteristics of con 
ventional TW caused trouble in warm 
locations. Since one of the outstanding 
properties of Synthinol 901 was its 
superior resistance to deformation, this 
material was tried, and soon became 
widely used because of its much better 
record in service. During several years 
of experience Synthinol 901 proved to 
have chemical and solvent resistance 
so superior to conventional materials 
that it came into wide use where this 
resistance was needed. In these indus 
trial applications, which are not under 
the jurisdiction of the National Elec 
trical Code, the higher temperature 
ratings have made possible appreciably 
higher current carrying capacities, with 
consequent savings. 

In chemical plant wiring the cor- 
rosive action of chemicals and solvents 
has always been a tough problem. Al 
though PVC has inherently better re 
sistance to chemicals and solvents than 
many other materials, engineers de 
sired further improvement. One user 
ran a series of long time tests with 
samples immersed in various solvents, 
acids, and alkalis. The results clearly 
showed that Synthinol 901 would give 
longer life than other PVC compounds, 
when exposed to these chemicals. 


2. Oil-filled transformers. 


Transformer engineers have long been 
searching for a cable construction to 
replace the varnished cambric-insulated 
cable used for high voltage and tap 
changer leads in oil-filled transformers. 
One transformer manufacturer, encour 
aged by successful experience with 
Synthinol 901 in other applications, 
began a comprehensive study of this 
insulation in lieu of VC on these high 
voltage leads. In operation these leads 
are immersed in the transformer oil at 
elevated temperatures. This test pro 
gram extended over several years, and 
included evaluation of almost every 
conceivable effect of Synthinol 901 on 
the life and performance of the trans 
former. These engineers came up with 
the following reasons for standardizing 
on Synthinol 901 for this application: 


1. There was less sludge in the oil than 
when VC insulation was used 

2.There was no harmful degradation 
of electrical properties of the oil 


wn 


. Conductors ran cooler when insulated 
with Synthinol 901, permitting a 7% 









No. 10 ina series of articles 


increase in current rating of the lead 
cables 

4. The use of Synthinol 901 in lieu of 
VC afforded substantial dollar sav- 
ings. 


3. Coil Leads. 


Many manufacturers of small coils for 
use in electrical and electronic com 
ponents had tried for years to use PVC 
insulated lead wires in their manufac 
turing operations. These coils, with 
leads attached, are put through a var 
nish or wax impregnation followed by a 
baking cycle. The baking cycles may 
be as long as 16 hours at temperatures 
as high as 105 C. In a great many of 
these cases PVC insulated lead wires 
had given trouble due to shrinkage, 
cracking, and stiffening during the im 
pregnation and subsequent baking 
Here is an application where Synthinol 
901 has been doing an almost faultless 
job. After nearly eight years of wide 
usage, there has been no case of shrink 
age, cracking, or stiffening of insulation 
reported where Synthinol 901 has been 
used in this application 


4. Panelboard wiring. 
For many years panelboards and 
switchboards have been wired with 
Type TA wire. This wire has a layer 
of asbestos over a primary insulation 
of PVC. The asbestos has been used 
as a protection against the heat defor 
mation which was known to occur at 
sharp bends and points where wiring 
was held under clamps. Transformer 
and machine tool manufacturers have 
found that the superior resistance of 
Synthinol 901 makes the asbestos cover 
ing unnecessary. In this application, 
for additional safety, the insulation 
thickness is normally '4,” heavier than 
standard. These manufacturers have 
found Synthinol 901 to be an economi 
cal solution to their particular needs 
These case histories are only a few 
cf the applications where this unusual 
compound has served well. Synthinol 
901 has been proven by test and actual 
use to be superior to conventional PVC 
compounds in the following ways 


. Suitable for continuous operation at 
higher temperatures 


te 


More stable under severe heat cy- 
cling 


Suitable for continuous immersion 

in hot transformer oil 

1. Superior resistance to chemicals and 
solvents 

5. Greater resistance to heat deforma 
tion 

All of our experience and knowledge 

in this field is available to you. If you 

have a wire and cable problem where 

you think Synthinol 901 might prove 

useful, why not let us help you? 


ROME CABLE CORPORATION, Rome, New York 
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Revolutionary S$2C Contact 


Cuts Cost of Switch Maintenance! 


4-Point Advantage 


we 
iC } 
. . 


Tension bar and spacer prestres 
ses contacts and reduces neces 
sary force required to close 
contacts (effort at switch han 
dle). Narrow convex silver-clad 
contact surfaces plow away any 
dirt from silver-nickel insert on 
blade tongue 


GRIPS at 4 points. 


“4 


U-shaped conductors are split 
lengthwise 4 inde 
pendently sprung contact fingers 
ure is applied to each 


. not 2 


to provide 


‘The press 
by a flat beryllium copper load 
spring 


GRIPS at 4 points... even 


when gpisaligned 
{ J 
} 


) 


ps | 
a) Ff 


For 2 reasons: (1) Pressure is 
applied independently by springs 
in 3-point suspension which can 
rock and roll; and (2) pressure 
is applied equally on either side 
of blade by tension bar 


ing 


GRIPS harder... but only 


when needed 


2aO 
es. + 


The 
provides a magnetic field pattern 
during short-circuit current flow 
that causes repulsion and attrac 

to pro 
pressure 


peta 


t 


reverse loop construction 


tion forces to combine 
duce heavier contact 
when you need it 


—featured on the $2C 
Load Interrupter 
, (Double-break Alduti type) 


Reduces 
Burns, Pits, 
and Welds 


NEMA standards specify the short-time current ratings for air switches 
and interrupter switches. And it is natural that equipment can 

be built to meet these requirements when new. 

The big “‘if’’ is what happens in service. 

You have found from experience that switches with conventional 
contacts must be carefully installed, and then continually 
maintained if they are to retain their original NEMA short-time 
ratings. As a practical matter such equipment generally gets little 
maintenance, and the short-time current capacity falls off. 

You want a contact that meets NEMA standards after being 

in service, in spite of some misalignment in 

installation, and in spite of little maintenance. The 

Double-break Alduti has such a contact. 

No more expensive contact maintenance work in the shop, dressing off 
burns and pits. No more worry about contacts welded shut after a 
momentary short-circuit loading. And the magneto-motive effect through 
the U-shaped contacts provides extra contact pressure when it is needed, 


¢ ith 
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Expanded line of stock Sola transformers 
regulate filament loads up to 25 amperes 


Sola Constant Voltage Filament Trans- 
formers are now available from stock in 
six different output ratings from 2.4 to 
25 amperes. Now, even sizable banks 
of electron tubes may be supplied from 
one compact source of 1% regulated 
filament voltage. 


Because of the current-limiting charac- 
teristics of Sola transformer design, cold 
filament inrush current is restricted to a 
safe level at loadings within 75-100% of 
the transformer’s full-load current rating. 


Constant billige 


TRANSFORMERS 


SOLA 
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The static-magnetic Sola filament trans- 
former, furnished with separate capaci- 
tors, is designed for simple mounting as 
a component of manufacturers’ products, 
The dependable tube performance and 
longer filament life these units offer is avail- 
able at only a moderate increase in cost 
over conventional filament transformers. 

For further information and specifica- 


tions, contact your Sola representative, or 
write for Circular CVF-269., 


SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago SO, Illinois 
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Bell Laboratories chemist Field H 
model of a small section of a polyethylene molecul 
is vulnerable to oxidation, Dr. Winslow and his associates 
protect long polyethylene molecules needed for durable cable sheathing 


Winslow, Ph.D., Cornell University, with a scale 
Branch formation indicated by pencil 
worked out a simple way to 


THE DILEMMA OF GIANT MOLECULES 


Solution: 2 plus 2 equals 5 


Polyethylene is used to protect thou 
inds of miles of telephon cables. It 
light and long lasting. Its 


in its giant molecules—a 


is tough 

trength li 
thousand times bigger, for example, 
than those of its brittle chemical cousin, 


parathin wax 


1 powerful 
light 


ind heat, shatters its huge molecules to 


But polyethylene ha 


cnemy: oxidation, energized by 


pieces, ‘This enemy had to be conquered 


if polyethylene was to mect the rigorou 
of cable sheathing 


demand Paradoxi 


effects of light, it critically weakened 
the effectiveness of the antioxidants. 


cally, it was done by making the whol 
better than the sum of its parts—just 
zs though 2 plus 2 could be made toadd To solve this dilemma, Bell Labs chem 
up %0 > ists developed entirely new types of anti 
oxidants —compounds not weakened by 
carbon black but which, intriguingly, 


are very much more effective when 


To check the ravages of light, Bell 
Laboratorics chemists devised the sim 
ple yet highly effective remedy of adding 
carbon black is present. ‘The new anti- 


a tiny dose of carbon black. ‘Then anti 


oxidants, such as those commonly used oxidants, plus carbon black, in partner 
to protect rubber, were added to check ship, provide long-lasting cable sheath 
attack by heat 


encountered a dilemma 


But here the chemists another example of how research at 
although the 


carbon black protected against the 


Bell ‘I'clephone Laboratories works to 
improve your telephone service 


GE 


hy y 
BELL TELEPHONE LABORATORIES (> 
er” 
inf 


%, 
ie 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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@, ALSIMAG 197 


APPLIANCE INSULATORS 


Developed especially for the electrical appliance trade. Most widely 
used insulator in the field for many, many years. Particularly im- 
portant for products requiring UL approval. Better in many ways. 


superior insulating resistance at 
elevated temperatures 


low electrical leakage .. . prevents 


electrical shocks in use 

superior resistance to repeated thermal shock 
well vitrified . . . low moisture absorption 

long life .. . will not soften, char, or deteriorate 


strong, uniform parts for faster assembly... 
dimensionally accurate... 
resist chipping and breaking. 


Your future sales depend on customer satisfaction. Safe 
guard the performance and reputation of your product with 
safe, uniform AlSiMag 197 insulators... available at 
reasonable cost in quantity desired. Fast shipments. 


For — Oven Bushings . lron Blocks . Toaster Hooks... 
Element Supports... Element Spacers... Winding Forms... Auto- 
motive Parts .. . Dryer Insulators . . . Many Similar Applications. 


Send blueprint or sketch for complete information on 
AlSiMag 197 parts for your use. 











AMERICAN LAVA | ciaranoocs 5. renn. 
COR P oR AT IO W |S & cmc Urcmnw 


For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston: Newton 

Center, Mass * Buffalo, N. Y. * Chicago, Ill. * Cincinnati, O. * Cleveland, O. * Dallas, Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, 

Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. « Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So. San Francisco, Calif. * Seattle, Wash 

Canada: Minnesota Mining & Manufacturing of Canada, Lid., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co. 
International Division, 99 Park Ave., New York, N. ¥ 














For DC Power Applications... 


NEW PERKIN 50 KW Standard 
GERMANIUM RECTIFIER UNIT 










FEATURES 





Through the unique characteristics of i 
germanium, the new Perkin Model G125- 
; : ee 400 50 KW Germanium Power Unit 
—. a offers extremely high efficiency and a 
low installation and operating cost. 


This unit is ideally suited for such 
applications as: Municipal DC to AC 
conversion programs, DC Motors and 
controls, magnetic devices, brakes, chucks, 
clutches, lifting magnets, in place of 
mercury-arc, ignitron or mechanical 
rectifiers, electro-chemical and other 
general industrial DC power applications. 


A key feature of this model is the fact 
Delivery — stock or 8 that two or more units may be connected 
in series or parallel and operated at 

one time for higher voltage and amperage. 





e. series or parallel connected 















No warm-up 









Perkin also manufactures other heavy duty 
rectifier units (selenium and germanium), 





Send your specifications to Perkin for 
prompt recommendations and quotations. 









SPECIFICATIONS: 




























A.C. INPUT: 230/460 V., 60 Cycle, 3 Phase 
D.C. OUTPUT: 115-125 Volts @ 400 Amperes 
Available also connected for 
62.5 V. @ 800 Amperes 
CONTROL: Air Circuit Breaker 
VOLTAGE REGULATION: 5% No Load to Full Load 
DUTY CYCLE: Continuous 
RIPPLE: 5% RMS 
EFFICIENCY: 94% 
POWER FACTOR: 95% 
COOLING: Forced Air Cooling 
METERS: Ammeter 
WEIGHT: 1200 Lbs. Approz. 
FINISH: Gray Wrinkle Baked Enamel 
CONSTRUCTION: Floor Standing Cabinet 
DIMENSIONS: 34” Wx 30” Dx 52” H 








PERKIN 


ENGINEERING CORPORATION 









Model G125-400 
50 KW Germanium 
Rectifier Unit 





345 KANSAS ST.+ EL SEGUNDO, CALIF. 
ORegon 8-7215 or EAstgate 2-1375 
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Pioneering in Television Education 


R. BRUGGER 


The potentialities of closed-circuit television in 

the field of instruction are pointed out in this 

description of an experiment now being con- 

ducted in Maryland's Washington County school 
system 


ELEVISION, one of today’s most important de- 


velopments, perhaps is to society what atomic 

energy is to civilization. Indeed, each exerts a tre 
mendous force on our way of living. This article indi 
cates some ol the potentialities television offers in the 
area of instruction. 

The Board of Education of Washington County, Md., 
and its staff were planning a new senior high school and 
felt any new construction should include facilities for the 
effective use of radio and television. They investigated 
designs in an attempt to determine what to install in the 
way of lighting conduits, duct work, flexible classroom 
space and other mechanical considerations in order to 
provide for future developments. These inquiries, «i- 
rected to building construction consultants, educational 
consultants, manufacturers, television groups, and agen 
cies interested in the advancement of education, served 
the purpose of securing information and indicated local 
interest in the use of television for instruction. The mem- 
bers of the Board of Education learned much about de 
velopments in televised instruction and became very in 
terested in including facilities for its installation in new 
buildings. As a result of these investigations, the county 
became one of a number of school systems planning to 
make some use of television for instructional purposes. 
Numerous experiments were being conducted through 
the effectiveness of television as 


out the country to test 


an instructional device. It was evident that the results, 
while fragmentary and incomplete, indicated that the 
potentials of televised instruction were tremendous, 

It was then that the professional organization of the 
Radio-Electronics- Television 
(RETMA), and The Fund 
(FAE) decided to 


unite in sponsoring a comprehensive project to study the 


electronics industry, the 


Manufacturers Association 


for the Advancement of Education 


ways of using television for instructional purposes, to de 
termine the contributions offered by television in improv 


ing instruction in educational systems and to evaluat 


the results, It was decided to offer the opportunity of 
making such a study to a typical school system. A school 


system was to be selected which (1) was not too large or 


Essentially full text of conference paper CP57-667, presented at the AIBF 
Summer Meeting, Montreal, Que Canada, June 24-28, 1957 
Recommended for publication by the AIEE Committee on 
Aural Broadcasting System 


J R. Brugger is 


General 
lelevision and 


with the Board of Education, Hagerstown, Md 
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too small; (2) included urban and rural areas with manu- 
facturing, general businesses, and farming; (3) operated 
kindergarten and junior college; (4) was developing an 
adequate building construction program; (5) had done 
some work in curriculum development; and (6) had en 
listed the interest and support of parents and citizens in 
Ihe Board of 
Washington County deemed itself fortunate to be able 


the education program Education of 
to submit a proposal of what would be included if given 
the opportunity to develop such a project 

The proposal for developing a closed-circuit television 
project was accepted by the joint sponsors on May 24, 
1956 
RETMA organization at their annual meeting in Chicago 


Phe project was ofhcially approved by the entire 


in June 1956, at which time appropriate resolutions were 


adapted, The proposal was broad in scope and general in 


nature with the idea that it would be implemented and 
organized as a continuing project through planning with 


school personnel and interested citizens of the com 


munity. The 5-year project, with the support of FAE, 


United States Office of Education, Joint Council on Edu 


cational Television, Chesapeake and Potomac Telephone 


Company, RETMA, and other voluntary groups, was 
proposed under the direct control of the Board of Educa 
tion of Washington County 


Che formal proposal follows 


The Board of Education of Washington County is interested 
in making a thorough study of the ways closed-circuit television 
may be used by a public school system as an integral part of the 
regular program of instruction and in making an evaluation of 
the various methods that are developed. It is proposed that the 
project will be carried on over a period of five years beginning 
1956 


September in the following areas 


1. Direct instruction of pupils in the basic subject matter of 


ferings of the curriculum 


2. Supplemental motivation and enrichment of the program 


wherever feasible 


5. Extension of the in-service training program of teachers, 
‘ 
1. Interpretation of the 


school program to the public 


5. Improvement in the quality of the school program 


Data will be gathered to evaluate the eflectiveness of televi- 


sion in meeting such current educational problems as 
1. The enhancing of the status of teaching 
2. The 


struction 


relation of pupil teacher ratio to the quality of in- 


$. The continuation of 1 ipidly 
1. The lack of 
, I he 


6. The organization of the 


increasing enrollments 
idequate classroom space 

shortage of properly trained and certified teachers. 
school system to effect savings in 
personnel 

7 he 
program 
a I he 


sources 


distribution of the finance ivailable for the school 


greater use of school, community and county re- 


Emphasis has been placed on developing ways that 


763 


kducation 





Fig. 1. Studio A control 
in foreground, film chain 


in background. 


television may be used under 


Records 


ated. During the initial operation of the project, explora- 


closed-circuit normal con- 


dition are being kept and continually evalu- 


tion and experimentation have suggested appropriate 


tests, measurements, and research phases of the program. 


Theoretically, the 


developmental and experimental 


phases commenced with a ratio of approximately 85% 
1h! 1956, 
and gradually will vary to about 15°) developmental and 
wh! 


developmental » expermmental in September 


» experimental by the end of the 5-year period, 
ol 
of the RETMA group interviewed a number of appli- 


Karly in the summer 1956 the committee chairman 


cants for the position of chief engineer and, in turn, rec- 


ommendations were rendered to the Board of 


Education 
of Washington County 
the 


Inasmuch as sjoard of Education of Washington 


County and its stafl had outlined the general framework 
for organizing the project, a steering committee made up 
ol a crosssection of school and community groups was 
Its 
membership included representatives from the Board of 
Stat the 


Parents and The group showed a 


appointed to develop plans for initiating the work 


bclhuc ation, 
ol 


keen interest in the project from the start. Several days 


leachers Colleges, and County 


Council Peachers 
were spent in discussing ideas about the possibilities of 
As a 


were developed which would orient teachers to the possi 


using television for instruction result, many ideas 
bilities of televised instruction and provide an opportu 


nity for planning the details of the program. 


WORKSHOP 
\iori 
P.T.A 


ing various subject matter areas and geographical regions 


rHAN 50 teachers, principals, supervisors, and 


(Parent-Teachers Association) leaders, represent- 


of the county participated in the workshop which was 
held from July 9 to August 17, 1956. This proved to be 


The 


members first organized into small groups to discuss what 


a stimulating experience for all the participants 
they thought could and could not be done by televised in- 
struction. Problems and plans were studied and attempts 
made to meet the criticisms and objections raised when 
704 
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new approaches to traditional concepts were considered. 
Consultants experienced in television training and pub- 
lic school teachers experienced in television teaching pre- 
sented their opinions to the group. 

As a result of the discussions, the members of the work- 
shop found they were actually re-evaluating their ideas 
about education and the learning process. It seemed re- 
assuring to them to realize they were primarily discussing 
education rather than television. Television was viewed 
as a means to an end with the plans for the educational 
aspects of the program taking first place. Television, thus, 
became a vehicle for looking anew at educational prob- 
lems, procedures, methods, theories, and techniques. Chis 
experience was most beneficial to the participants, and 
they expressed their continued interest and enthusiasm. 

The learning process was analyzed in detail and the 
various items involved were studied. The question then 
arose as to which items could probably be handled readily 
by direct televised instruction and which ones would be 
difficult or impossible to attain. 

This analysis led to the idea of organizing a teaching 
team with the television teacher responsible for the items 
that television can do best, and a classroom teacher car- 
ing for those which, at the moment, seemed to be better 
handled by direct contact with pupils. 

Ihe lesson plans were therefore developed by the 
teaching team and regular meetings were scheduled 
throughout the school year for further planning and 
evaluation. A feed-back sheet for the classroom teacher 
was devised to aid in evaluating the television lesson. 

Because the classroom teacher deals mainly with class 
organization and the personal problems of the pupils, it 
was felt a larger number of pupils might be grouped in 
the classrooms. It was decided, therefore, to vary the class 
size and note the results. 

Phe last 10 days of the workshop were spent in using 
simple vidicon equipment for the presentation of sample 
lessons. Each lesson was followed with an evaluation ses- 
sion and, in a number of cases, the lessons were retaught 
using the suggestions that had been made. 

Outlines of the general framework of the lessons were 
developed for each instructional area to be included in 
the television program. Classroom and television teachers 
worked together in preparing guide material to be used 
in their joint handling of the lessons. It was agreed to 
expand this material at the team meetings during the 
year in keeping with pupil interests and the revisions 
suggested by the teachers. 

Direct instruction for the September 1956-June 1957 
school term included the following: 


Advanced 


General Senior 


English 
English 
United States History 
10 


Grade 9 


Grade Il 
Geometry: Grade 
General Science 
Science: Grade 6 
Grade 5 
Grade 4 


Grades 4, 5 


Arithmetic 
Social Studies 
Music 
\rt 
Art 


and 6 
and $ 


and 6 


Grades 1, 2 
Grades 4, 5 
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Reading Experiences: Grades | and 2 
Number Experiences: Grades 2 and 3 


OPERATION 


PELECASTING to two high schools began on September 
11, 1956, by the use of temporary mobile equipment. The 
six elementary schools’ instructional program was initi- 
ated on November 15, 1956, for grades 4, 5, and 6 and the 
primary program for grades 1, 2, and $3 on December 17, 
1956, totaling 6,000 students, employing as many as three 
channels simultaneously. 

lo the present, all telecasting has originated at the 
Television Center of the Board of Education. It is pos- 
North 
High 

Arts, 


accom 


sible, however, to originate telecasts from the 
High School, South 
School, the Washington County 


Hagerstown Hagerstown 


Museum of Fine 
and the Washington County Free Library. To 
plish this schedule, several technical considerations had 
to be determined. These were influenced, in part, by 
equipment which was currently available from manulac 
turers and, in part, by the anticipated operating tech 


The first duty of the chiet engi 


4 


niques to be employed 
neer was to make these decisions 

In considering the service to be rendered to the eight 
schools in the original program and the teachers’ most 
ceflective method of presentation, it seemed mandatory to 
adopt, in the main, broadcast television studio tech 
niques. In further discussion of the various aspects of the 
operation, it was mutually agreed by the representatives 


of RETMA, Chesapeake and Potomac 
pany, and the Board of Education that the areas of re 


Telephone Com 


sponsibilities would be defined as lollows: 


1. The Board of Education would originate standard 
broadcast video and audio signals using conventional 75 
ohm 1.4-volt peak-to-peak video and 500-ohm 6-milliwatt 
Potomac 


audio, and teed these to the Chesapeake and 


Telephone Company. 


wd 


2. The Chesapeake and Potomac Telephone Company 


would modulate three low-power very high frequency 
(vhf) transmitters with the video and audio signals sup 
plied, and distribute the vhf radio-frequency signals by 
coaxial cable to the schools in the program 

5. The Board of Education would amplify and dis 
tribute the vhf radio-frequency signals to the classrooms 
in the schools. 

viewed in the classrooms on 


1. ‘Telecasts would be 


standard vhf broadcast receivers. 


, 


5. Equipment involved in the foregoing points I, 3, 


and 4 would be supplied by RETMA and other mem 
bers of the industry, 


After considering the various factors involved, a com 
mon synchronizing (sync) generator was installed for all 
the studios’ equipment. As additional studios are 
equipped, this practice will be continued, 

A conventional broadcast-type audio console was em 
ployed at each control. Facilities for multiple microphones 
were available. Standard broadcast practices were used 
throughout the audio system. Both boom and lapel micro 
phone techniques were used as situations required. Auto 
1957 
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Fig. 2. Studio B, showing 6th grade science lecture. 


matic level control audio amplifiers are employed. ‘Turn 
tables and tape recorders supplemented audio operations 
The control position included facilities which enabled 
the producer to address cameramen, floor assistants, and 
talent at appropriate 


times. Normally, this signal was 


fed on headphones. During rehearsal and other than 
“air” operations, a speaker in the studio was energized to 
allow two-way communication. The size of each of the 
two studios which carried most of the programs was ap 
proximately 700 square teet. This area was found to be 
a bare inhiuIn (From CX PCrienc ol the past year, it 
would seem desirable to double the studio size, utilizing 
two walls of the studio for set props. With this procedure 
programs could be telecast continuously trom one studio 
area This would allow one set to be arranged while the 
other is on telecast. Such an operation ollers some hazards 
because of movement of props, etc., but full utility of the 
equipment results. Needless to say, the lighting require 
ments would be installed to accommodate such an op 
eration.) 

two ol 


with 


Three studios were used for the operation, 


which employed industrial-type cameras. These 


single lens and no viewfinders, and were used 


relative degree ol much to be de 


satistac lig, but lett 


sired. In order to utilize vidicon equipment fully in this 
type of operation, the following requirements are manda 
tory: 


1. Wavelorm monitors for evaluating the picture in 
formation for each camera. 

2. External syne drive (vertical, horizontal, and blank 
ing) with variable controls in the camera control unit 
Blanking control should be readily available at operating 
position, 

5. Video gain control on camera control unit 

1, Picture monitor in conjunction with the wavelorm 
monitor on camera control unit 

5. Electric focus control readily available at operating 
position. 

6. Standard RE TMA syne generator, 

7. Circuit for clipping syne out of camera output, 

8. Switcher capable of switching composite and non 
composite video, 


9. Circuit for adding sync at the switcher output 


Education 





10. View finder and multiple lens mount on equivalent 
on camera 


1}. Mechanical tocus 


Dally light on camera 


on camera, 
Camera mounted on tripod with dolly and friction 


Intercommunication tacilities 


I hie 


require mci 


included all of 


It is hoped all equipment in use commen 


equipment in one studio these 


ing with the 1957 tall school term will be so equipped, 


STAI 


[Wo FULL-TIME ENGINEERS were employed along with 


two producers to operate the program Twelve teachers 


devoted them entire time in preparation and presenta 


tion ol lessons by television. Two teachers devoted part 


ol their time to studio teaching 


floor 


Junior college students 


erved as cameramen managers and general pro 


duction helper 


LIGHTING 
STUDIO. LIGHTING 


IMA 


typical television pra 


also provided by RI and 


members of mdustry. Generally 


I hie 


tional application hie 


tices were used basic lighting problem in educa 


yamewhere between that used in 


television and that in 


I he 


arrangement 


madlustrial closed-circurt comme! 


cial broadcast television industrial installation is 


usually a fixed calculated to supply the 


illumination with 


Thi 


in order 


rece ary scene a reasonable range ol 


brightness contrast commercial studio must 


p SSCSS 


vreat Hexibility to achieve the maximum artistic 


effects that light can supply, with comparatively little re 
gard to the comple xity or cost of the lighting system. The 
problem was to produce a lighting system which was bet 


ter than merely basic, which possessed a reasonable de 
vree of flexibility, and which could be installed and op 
erated by a school system at as low a cost as is prac tical 

studios 


In two light was supplied by commercial fix 


tuire desivned tor studio applications Opn n studio flood 
1,000 1, 500-watt 


lamps supplied the fill light required for basic tlhumina 


lights or scoops, using and inside white 


B) weve) 
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tion; their size and location permitted the reduction of 
heavy shadows to a minimum, Fresnel-lens spotlights in 
various sizes provided key or modeling illumination and 
also an amount of back lighting. These features helped 
show the form of three-dimensional objects and separated 
foreground objects from their backgrounds. With scene 
100 


the radiant heat from these filament lamp fixtures was 


illumination levels in the to 200-footcandle range, 
significant, resulting in some complaints by the studio 
teachers, 


banks ol 


studio-type reflectors provided the basi 


In the third studio, fluorescent lamps in 
illumination, 
Phese were supplemented by spotlights. The replacement 
of the majority of the filament illumination with fluores 
cent reduces the radiant heat in the teaching areas with 
out adversely affecting picture quality. Also, the lowe) 
wattage consumed by the fluorescent units tend to pro 
duce slightly lower operating costs 

Additional studios being planned will utilize general 
fluorescent lighting. Large area, low-brightness luminous 
ceilings are capable of providing high illumination levels 


Also, the 


lighting will be such that illumination at all points in 


with minimum heat problems nature ol the 
the studio will be nearly the same. Necessary spotlighting 
for modeling and back lighting will be supplied by lamps 
with integral reflectors. These lamps will result in’ low 
equipment costs, and they may be easily aimed at specifi 
scene areas. The over-all objective in this scheme is to 
provide the studios with a maximum usable teaching area 
for more and larger visual aids without requiring the 
moving and aiming of lighting equipment during a 
teaching period. It will also offer the opportunity to 
compare costs and effects of a more or less fixed general 
lighting system with the existing installation of studio- 
type equipment, This will afford installations of various 
combinations of lighting and may suggest comparisons 


of effectiveness, purchase costs, and operating costs. 


EXPANSION 


WITH THE OPENING of the school term, September 1957, 


the following operation is planned 


1. Six thousand square lect of operating area in addi 


Fig. 3 (left), Studio A, 
showing demonstration 
of number experiences 
for lower elementary 
Fig. 4 (right). 


Studio B control equip- 


grades. 
ment in foreground; 
Studio C, in background, 


under construction. 
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tion to the present 5,000 square feet, including two addi- 
tional studios approximately 1,600 square feet each, al 
lowing for three sides of the studios to serve as “sets.” 

2. A total of five live video studios equipped with dual 
vidicon camera chains including viewfinders, multiple 
lens mounts, waveform monitors and switchers operated 
from standard RET MA sync. 

3. Six operating channels, five to be utilized by live 
studio equipment, the remaining for film use. 

1. Twenty-one elementary schools and two high schools 
receiving an aggregate of 27 lessons daily on approxi- 
mately 510 television sets. 
12,000 


the direct and supplemented instruction program. 


5. Approximately students participating in 


Othe 


term involve these possibilities: 


areas under consideration for the 1957 school 


1. Erection of a low-power ultrahigh-frequency (uhf) 
transmitter for telecasting instructional programs to com- 
munity at high school and junior college level. 

2. Installation of microwave equipment for two-way 
telecasting to the teachers college in a nearby commu- 
nity 

3. Equipping mobile unit for local temporary special 
event coverage 


Phe opening of the September 1958 school term will 
conclude the technical expansion of the five-year project. 
The anticipated additional equipment requirements in- 
clude the following: 


1. One live color studio equipped with dual camera 
chains. 


2. Approximately 60 color receivers. 


3. Twenty-five additional school distribution systems 
for the balance of the schools in Washington County; 
approximately 8,000 additional students will be involved. 

1. Approximately 400 additional televisions sets to be 


added to complete the service 


CONCLUSIONS 


|. Through the use of multiple transmitters, each op- 
erating on a different frequency, it is practical to trans- 
mit several lessons simultaneously. 

2. It seems more practical when several studios are 
used to group originating equipment at one location 
It also 
seems desirable to select such a location away from the 


which may be referred to as a television center. 


regular school area. 

5. Standard television receivers serve such an applica 
tion quite well. For economical reasons it would seem 
practical to use regular line models. It is desirable to use 
models with front-mounted speakers with relatively high 
level output capacity. Tuning controls should be con 
veniently located. 

1. Professional type vidicon equipment is most flexible 
in mass-media applications. Demonstration amplifier vidi 
con techniques are quite adequate for certain large-group 
viewing, such as in auditoriums 

5. Broadcast television studio techniques are desirable 
for production effectiveness in this type of service. 
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Television Education 


6. In new building construction, consideration should 
be given to the following: 
a. Control of inside lighting in order to utilize es 
sentially indirect lighting during the viewing 
periods. 
Control of outside light to remove reflections and 
glare trom television screen 
Adequate conduit to classroom areas to provide 
multiple cable installations; such as 4- by 4-inch 
side drop. 
Furniture or room design to provide mounting 


space for television receivers along the line of 
custom installation practices, including conduits 
for signal cable and standard 110-volt a-c outlets 


Room 


rangements when viewing television with consid 


configuration to permit normal set ar 


eration of the distance from the television set to 

any student, 

Forced ventilation in classroom areas to mini 
mize or eliminate need for open windows which 
may present outside light control problems 

g. Consideration for large screen projection rather 
than television set presentations. 

7. Television offers tremendous potentialities in tele 
vised education in the following ways: 

a. Ease and expediency in presentation of instruc 
tional information. 
Facility of magnification of picture information 
by choice of lens. 
Ability of 


dents’ attention on a fixed area 


the teacher to concentrate the stu 


d. Uniformity in instruction 


Finally, to say that, had he lived longer, Einstein may 
have been a direct classroom instructor for every science 
student in the country through the medium of television, 


may be the understatement of the century, 





Colombia Electric Project 


Colombia's Laguneta hydroelectric project, among the 
largest and most spectacular olf its kind in South America, 
The 
$15.5 million project, capable of producing 60,000 kw 


is scheduled for completion some time this summer 


of power, is one of a series of power projects which are 
being undertaken by Colombia's National Public Service 
Corporation. 

Expansion of industrial and commercial facilities and 
will 
make necessary the addition of other power stations, By 


the increase in residential needs for electric power 
1965, Colombia expects to be producing $3 million kw for 
all its needs. 

Phe Laguneta plant draws on the Bogota River for 
water power, with a reserve supply in nearby Lake Muna, 
It will be equipped with three generating units capable 
of producing 20,000 kw each, with room provided for 


two additional units when needed. 
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To assure the success of a changeover to auto- 

mation, the individual should be carefully edu- 

cated, in order to overcome the human charac- 

teristic of resistance to change. In this way, the 

problem of adverse reactions may be greatly 
reduced. 


UTOMATION the 20th 
tury. It has been accredited to the Ford Motor Co. 


is a new word in Cen- 


lor its coinage. Its meaning is not always uniform 


in the minds of business management, To some, it means 
a high degree of mechanization of the movement of ma- 
terials in the production process from work place to work 
place, coupled with electronic control devices tor selec- 
tion or rejection of materials, tools, or parts, lo others, 
it the 


production line, which embodies certain control features 


is merely the installation of a new machine in 


employing electronic feedback features. 
MECHANIZATION 


MECHANIZATION is a term understooag more universally 
as the evolutionary process of replacing manual energy 
In 
text, the incorporation of electronic control features sim 
The 


pel 


in the production process with machinery this con- 


ply means a more advanced and better machine. 


business manager, who is progress conscious and 


haps more, publicity conscious, may reler to his me hani- 
zation attempts as “automation,” We can be assured that 
labor leaders will capitalize from either point of view 


James R. Bright, 


Harvard Business Review, as saying that 


Walter Reuther has been quoted by 
writing in the 


200,000 men have been idled “because of automation.” 


CONFLICI 


‘THE PAGES OF HISTORY have recorded the saga olf this 


conflict. The steamboat, the “horseless carriage,” and the 
airplane are a few of the high points. In the cradle of ow 
Western Civilization, the age of iron was born when the 
Hittites learned to fabricate iron tips lor their spears and 
demonstrated their superiority by overcoming the Su 
merians on the battlefields near the Tigris and Euphrates. 

Over that 


strange 


the years man has demonstrated he is a 


creature. His mind has searched for the new, yet 
he clings tenaciously to the old. He buys a new car, while 


affectionately clutching the brim of his old battered hat! 


MENTAL ATTITUDES 


Iv IS A WELL-KNOWN PHENOMENON to the industrial en- 
gineer that one of the barriers to progress in the produc 
tion process resides in the mental attitude barriers to new 
ideas in the minds of production personnel, Realization 
The Human 
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of this barrier caused Allan H. Mogensen in 1936 to con- 
ceive a program, known as work simplification, to com- 
bat this barrier. Each year since that date, some 36 to 42 
men from various industries spend six weeks at Lake 
Placid, N. Y., dealing with this problem, The impact of 
their philosophies and efforts have been felt in indus- 
tries in the United States as well as other countries. First, 
the science, but more specifically the “art of improve- 
ment,” is the goal of this program. 


PHE GUN-BARREL STRAIGHTENERS 


EARLY IN HIS CAREER, Mr. Mogensen was a consulting 
engineer. One of his early experiences brought him face 
to face with the problem. The following anecdote tells 
the story. 
had 


modernization and expansion program. The shotgun 


Remington Arms Company embarked upon a 
plant was to be modernized. A new building was built 
and the whole shotgun plant was to be moved to the new 
building. One of the operations to be moved was the 


The 


straighten barrels were the “prima donnas” of the shot- 


barrel-straightening department. workers who 
gun plant. Their job was such that there was a special 
skill involved, This skill had been acquired by experi- 
ence sighting through barrels and by proper interpreta- 
tion of the illusion of concentric rings which appeared. 
By proper manipulation of a jig and anvil, barrels could 
be straightened to maintain the standard of quality for 
Remington Arms, 

Needless to say, the seven men on this job enjoyed a 
certain high level of prestige in the social structure of 
the work force. They were top level in seniority and in 
job status level. 

In setting up this department in the new location, 
Mogensen had gone all out. He had consulted General 
Electric Company engineers and had specially built seven 
adjustable ground-glass screens, with a constant and uni- 
form light source behind each one. Seven new barrel- 
straighening devices were located in front of each screen. 
He had everything laid out with extreme care; he knew 
that these seven workers were perfectionists and super 
critical, so nothing was spared in the preparation of this 
department in the new building. 

The installation was all but completed when Mogensen 
(thinking that it would be a good idea to lay some 
groundwork with the men involved in the change) in- 
vited the senior man in the group to view the new in- 
stallation. He approached Bill, 
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“Bill, we have your new layout pretty well set up. | 


thought that perhaps you might like to come over and 
see it before we move you in.” 

“O.K.,” said Bill, and followed Mogensen to the new 
layout. 

As they walked into the new area, Mogensen was 
bubbling with enthusiasm for the new setup. (Mogensen’s 
enthusiasm for change and improvement has been his 
trade mark over the years. He is, to the disciples of work 
simplification, the “human dynamo.’’) 

He 


took a few slow steps to geta better look at the situation. 


Bill stopped rather abruptly just inside the door 


He stiffened, placed his hands on his hips and his face 
changed to an expression of bitter criticism. “Young fel 
low,” he said, “you may be an engineer; you may have a 
college degree; but it’s plain to see that you don’t know 
anything about straightening shotgun barrels.” 

“What's wrong?” asked Mogensen, thinking to humor 
the old fellow. 

“Well,” said Bill, “Anyone who knows anything at all 
about straightening gun barrels knows that you can't 
straighten a gun barrel unless you have north light! And, 
if you think any of us are going to work with the con 
traptions you have set up, you've got another think com 
Bill stalked back 


work area. 


ing.” turned on his heel and to his 


Mogensen was somewhat shaken, but he took the fol- 
He 
Electric, They, in turn, set up an investigation to answer 


lowing steps double-checked the boys at General 
the following questions: Could there be quality present 
in “north light,” i.e., the light from windows facing the 
north, that was not present in the light source that had 
been provided, which could possibly affect the barrel 
In fact, 


all evidence pointed to the superiority of the ground 


straightening operation? None could be found 


glass screens. Uniformity was better; they were not af 
fected by variations in the weather; diffusion was better; 
further, the screens could be adjusted to the straightening 
equipment. 

After this was assured, the following course of action 
was taken, which got results. However, Mogensen is the 
first to admit that it was not the way the whole program 
should have been handled 

Starting with the first floor, department after depart- 
ment was moved to the new building. It was getting along 
toward early winter. As each floor in the old building 
was cleared, the heat in the old building was shut off. By 
the time all floors were vacant below the straightening 
department, the heat on the top floor was not always what 
it should have been. The gun barrels were all trucked 
from the new building over to the top floor of the old, 
straightened, and then trucked back to the new building 
for assembly and shipment. The straighteners, by now, 
were sometimes cold, but most of all they were getting 
lonesome. They were no longer in the center of things; 
their old status and prestige levels were being destroyed 
Bill took action 

One day he asked if he might try the new equipment, 
which was gathering dust in the new building. Of course, 
he knew you couldn't straighten a gun barrel on it, but 
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he wanted to try it anyway. One by one, the seven men 
moved over, and the old building was then torn down. 
Phe incident still lives. Mogensen’s concept of “resistance 
to change” has become a large heading in the master 
notes of the work simplification program. 


PERSONAL INVOLVEMENT 


THE EXPERIENCE of more than 20 years by those who 
have been co-ordinating work simplification plans in in 
dustrial, commercial, and civic organizations throughout 
the country has gradually changed our approach to the 
problem of resistance to change. 


They 


the comfortable feeling (“compla 


People resist change because of habit resist 
change because ol 
cency,”” we called it) of performing in a known behavior 
pattern. We resist when something new threatens that 
comfortable feeling. To combat resistance, we employed 
facts and logic that tend to show that there can be no 
progress without change. We poked fun at the typical 
executive who had built an organization only to vow 
vehemently that he is in favor of progress, However, he 
would “be d if there were going to be any changes” 
in his department. We developed material showing the 
facts of change and its effect on our economy, our stand 
ard of living, our leisure time, etc. We use films from au 
thoritative sources. “Machinery Creates Employment,” 
produced by the Ford Motor Co., is one such film, “Pro 


Key 


Fund, 


ductivity to Plenty,” produced by the Twentieth 


Century is another. Excellent as they are, these 


films seem to fall short of their goal. If we are to combat 


resistance to change, it becomes obvious that we would 
need to use some additional approaches il we hope to 
change attitudes and affect habit patterns. Something was 
lacking in this approach. 

\nother approach, used concurrently with the one just 
discussed, is the analytical approach. The work simplifica 
tion philosophy, coupled with the analytical approach to 
improvement, has this distinctive feature. Since human 
beings are known to resist when changes are foisted upon 
them, this difheulty may be circumvented by having those 
wffected initiate and help institute the change. To put 
‘iis philosophy into a program of action, it follows that 
instruction and training in the use of the tools of meth 
ods analysis need be given to all individuals who become 
involved in change and improvement 

From work simplification experience of many using it, 
it has been learned that “The person closest to an opera 
tion or function is in the best position to improve it.” 
Chis is not to say that such an individual is most qualified 
by training or experience, it simply means that proximity 
to the operation gives him an advantage in that one re 
spect. Our goal is to take individuals in this position and 
train them in the basic tools and techniques of analysis, 


take 


position with respect to the operation or function 


so that they can better advantage of their favored 

Phis approac h has proved to be effective over the years; 
however, it has fallen far short of the potential that is 
basic to the process. In other words, we did not have the 
complete answer. However, past experience with this 
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technique has demonstrated the following principle of 
human behavior related especially to our industrial life: 
People tend to lose their resistance to change in an in- 
verse relation to the extent of their personal involvement 
in making the change. 

In consideration of human factors related to automa- 
tion, it is my belie! that the aforementioned principle 
must be considered as a human element which applies 
during the transition period of each step of the way 
toward the fully automatized production line or office 
system, The acceptance of this principle will be difficult, 
Management personnel will encounter some human fac- 
tors which will promote personal involvement of those 
affected, Of course, we will not recognize it as fear, we will 
simply rationalize it thus: “No use getting everyone all 
stirred up in advance, let's get the thing all worked out, 
My some 12 


years’ experience in industrial engineering gave me more 


and when everything is all set, put it in!” 


examples of what happens in instances like that than I'd 
like to admit, It rarely is anything short of a trying ex- 
Why we 


methods improvement principle of combining operations, 


perience haven't learned to use the simple 
i.c., work out the human side concurrently with develop- 


ing the mechanical side, | will never know. I have had 
enough work simplification experience using the “per- 
sonal involvement’ principle to know, however, that it 
can and docs work! 

\lthough Tam enthusiastic about the use of the prin 
ciple of involvement, let me inject in the discussion here 
a word of caution, The single individual in a large or 
ganization who makes an attempt to use this principle, 
without it being an accepted principle of the entire man- 
agement team, may find himself branded as a trouble- 
maker and an irresponsible maverick, particularly so un- 


less he confines such tactics to his own bailiwick. 


CONSULTATIVE MANAGEMENT 


THIS BRINGS US to a 


will 
have a bearing upon the human factors in automation. 


second consideration which 
Phe automated line will mean a gradual breakdown of 


the individual empires in an industrial organization. 


Automation will tie together mechanically both basic 
operations and suboperations, It will necessitate a more 
integrated functioning of various departments, For ex 
ample, the sell-sufhcient and independent department 
manager can no longer exist as almost a separate entity 
from the remaining departments, He will have to learn 
the arts of teamwork as opposed to self-sufhciency; he will 
have to learn the arts of consultation and group concur 
rence rather than the exercise of independent judgment. 
He will find, I believe, that of the three ways of getting 
results through people, he will seldom “tell”; he will find 
reduced occasions to “sell”; but will find more and more 


occasions to “consult.” “Consultative management” will 
be the order of the day. 

The rather clear-cut separation of function and _ re- 
sponsibilities of line, stafl, and technical departments 
will gradually disappear, Production decisions will be 
made less and less by production department heads, 


(thence passed down the line chain of command), but 
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more and more by groups composed of electrical, elec- 
tronic, hydraulic, and mechanical engineers and _ tec h- 
nicians. The successful managements may find that they 
have learned to deal with the human factors rather than 
material, technical, and mechanical aspects of produc- 
tion. The arts of both conference leadership and confer- 
ence participation follow workable rules and procedures 
consistent with the consultative management concept. 


FEAR 


THE HUMAN SIDE of automation will be attended by 
fear. The by Walter 
Reuther, previously quoted, make us aware of this as- 


some reactions of statements 
pect. However, I think we need to look a little more 
closely at some more intimate reactions. If we look again 
at Bill, the gun-barrel straightener, we may see that his 
real reaction was triggered by fear. Fear of losing op- 
portunity to express himself through his special skill on 
his day-to-day job of straightening gun barrels. He was 
afraid of his job being ‘“‘de-skilled.” In my 12 years’ ex- 
perience in working with methods and methods changes 
from an industrial engineering standpoint, I have seen 
this incident repeated many, many times. Of course, the 
individuals’ expressions do not appear as fear, they ap- 
peal as anger, 

Whiting Williams, management consultant, who made 
almost a lifetime study of how workers really feel, by 
actual living and working with coal miners, railroad 
workers, steel mill workers in many countries of the 
world, classified workers’ reactions in terms of three hu- 
man feelings—lear, hope, and pride. 

As important as it is to recognize the human reaction 
of fear, it is perhaps even more important to recognize 
the relative importance of the three universal human re- 
actions as defined by Williams. While working in the 
coal mines in Wales, he lived and worked with an “old- 
timer,”” Evan. Evan's job was to make the round of the 
mine shafts, inspecting the air circulation system. Evan’s 
job was rather a thankless one. In fact, if all was going 
well, no one paid very much attention to Evan. In the 
evenings after work, Evan consumed considerably more 
than his share of certain beverages. It seemed to bolster 
his feeling of importance. Williams was with Evan one 
day when all the sirens at the mine began to blow. The 
circulating system had stopped; the mine had to be 
evacuated. When the last man was above ground, Evan 
was called to discover the trouble. Williams accompanied 
him to the mine shaft. Evan appeared as a man trans 
formed. Dangerous as it was, Williams followed him. He 
wanted to find out more about this man who had sud- 
denly come to life. He soon found out. As old Evan 
shaft in search of the 
trouble, he turned and said, “You see, they need old 


swung along the lower mine 
Evan now. The whole mine will be shut down until I 
find the trouble.” 

I retell this incident of Mr. Williams to illustrate some 
principles which he has concluded from his experiences: 


1. “Saving his skin is of less importance to a man than 
saving his face.” 
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2. “The hunger for food is less important to a man 
than the hunger for attention and recognition.” 


We must remember that, at least in American industry, 
a man gets his feeling of being a man from his job. He 
gets his feeling of recognition from his superiors. It seems 
to me that in planning for automation we should allay 
fears by providing hope in the future, and arrange for 
feelings of pride of accomplishment for workers in the 
automated plant. 


NEW GOALS 


NEw GOALS, new criteria for measurement of personal 
worth, will have to be established for each man. In the 
automated plant, to replace the feeling of accomplish- 
ment of the workers who had an active part in the fash- 
ioning of products by individual effort, we will have to 
provide for a feeling of having a hand in managing the 
machine, effecting improvements in the process, and as- 
sisting in the more complex man-to-man relationship to 
keep the machine functioning. 

In order to place these goals within each employee's 
hope of realization, a training program will be needed. 
Personnel will have to depend upon the company to pro 
vide educational opportunities in the adult education 
field, or else they will feel trapped in a situation of the 
automation age. It is impossible for them to go back to 
their school days and recap a training program. Their 
formal school days are over. Public adult education has 


small chance of filling this need. Our overburdened 


present school structure will not permit it. Training of 
fered by their companies can give them a feeling of 
hope, to supplant fear. It can transform the whole spirit 
The 


age of automation will then be entered into with en 


of the work group from frustration to anticipation 


thusiasm and vigor. 


CREATIVE MAN 


‘THE AGE OF AUTOMATION will be the development en 
gineer’s dream. He will come into his own. However, 
much of this can be lost unless we make ample provision 
for some creative expressions by others in the organiza 
Man 
Maker and he was given creative ability 


tional family. was created in the image of his 
He slowly dies 
if he has no chance to express it in some measure, Indus- 
try dare not focus so much attention upon the work of 
the development engineer that expression is stifled else- 
where. For example, the American Machine and Foundry 
Company has become aware of this situation and has 
taken steps to take advantage of the creative talents down 
the line, 

I have seen power released in men down the line, have 
seen them express themselves creatively about their jobs, 
and then have seen their ideas put into use. I have seen 


Their 


Pheir actions follow 


men who have changed their personalities atti 
tudes become positive and dynamic. 
suit. Our work simplification program not only benefits 
us in terms of changes in morale, but it has been at 
tended by real monetary values 

At the 


Massachusetts Institute of Technology (MIT) 
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School of Industrial Management, an exciting new con 
cept of industrial management functions is being ex 
plored. A now-recognized function of management ts 
being defined. It is the function of “improving.” This 
unique program is experiencing, experimenting, and de 
veloping the art of improvement from the human side, 
and the interaction and feedback of the human compo 
nents as related to the mechanical components of indus 
trial enterprise. 


rHE MIND OF THE AUTOMATED LINF 


the 
human-like factors that automation will bring us in the 


FINALLY, perhaps we should consider some of 
machines themselves. Electrical engineers will build into 
our machines electronic feedback features, Our machines 
will have some human-like qualities in terms of control, 
rejection, and acceptance. I strongly suspect it will also 
be true that the complexity of the machine will give us 
a new type “resistance to change.”” One day automated 
factories may resist new products, product changes, and 
the like, perhaps in greater proportions than human 
habits do now. 

It is my hope that provision can be made to use the 
creative abilities of every man and woman in plants of 
the future so that this “new resistance” can be speedily 
overcome 

When each of us can pride ourselves at least as much 
on ideas and action we generate in others as we do in 
generating ideas of our own, then we can all anxiously 


await the fulfillment of automation 


Dresden Nuclear Reactor 


The first of 20 steel columns for the 190-foot steel sphere was set in 
place at Commonwealth Edison Company's 180,000-kw Dresden Nuclear 
Power Station, 50 miles southwest of Chicago, Ill., on June 12, 1957 
Assisting workmen guide column are (left) Francis K. McCune (Fellow 
AIEE), vice-president, General Electric Company, and Willis Gale, chair 
man, Commonwealth Edison Company. The country's largest nuclear 
power reactor, being built by General Electric and to be owned and 


operated by Edison, is scheduled for completion in 1960. 
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Principles and Practices 
for Standardizing Laboratories 


F. B. SILSBEE 
MEMBER AIEE 


In the past few years, there has been a large 

expansion in the number and size of electrical 

standardizing laboratories. The National Bureau 

of Standards has prepared a short guide de- 

signed to assist in the solution of many of the 

management problems common to these organi- 
zations. 


NEIL THI 


miayority of 


LAST DECADE o1 


electrical 


two the great 
standardizing laboratories 
were those maintained in the meter departments 
of electric power companies, Their duties are primarily 
to provide the basic measurements needed to maintain 
the accuracy of the thousands of watt-hour meters used 
on the circuits of the company, although in many cases 
other important functions, such as insulation checking 
on cables and bushings and trouble shooting, are in 
cluded 
During and since World War II, there have come into 
existence a very large number of electrical standardizing 
laboratories which are charged with duties that difler 
from those mentioned above. ‘These 


considerably new 


laboratories form organic parts of a great variety ol 


industrial corporations, unive rsities, research institutions, 
and Government agencies, 


particularly numerous 


branches of the Department of Detense. These newer 


laboratories are concerned not only with the measure- 
ment of power and energy at 60 cycles per second, but 
also with measurements relating to communications, 
navigation, automatse controls, telemetering, and many 
other fields, and are concerned with frequencies ranging 
from zero to thousands of megacycles per second 

The reasons for the establishment of these newer labo- 
ratories include not only the normal growth of our popu 
lation and the increased per capita use of electric power, 
but also a greater realization of the necessity for making 
This 


modern 


accurate measurements in all industrial activities. 


necessity becomes especially important under 


conditions, wherein a wide variety of component ap 
paratus may be manufactured by separate subcontracting 
units. vet must function effectively when combined in a 
unified system, Still another important reason for the 
increased interest in electrical measurements is the ever- 
increasing use of electrical methods for measuring non- 
electrical quantities such as temperature, acceleration, 


chemical concentration, et 
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Standardizing Laboratories 


The National Bureau of Standards (NBS) is, of course, 
the fountainhead from which the flow of measurements 
radiates into all fields of science and engineering. Con- 
sequently, the engineers of the new laboratories have 
looked to that 


Bureau for advice and assistance in the 


planning and equipment of their organizations, Al- 
though the various laboratories apply their efforts to 
very diverse operations, it appears that a large majority 
of them have a considerable number of management 
problems in common, To assist in the solution of these 
problems, the National Bureau of Standards issued, in 
\ugust 1956, a brief publication*® entitled “Suggested 
Practices for Electrical Standardizing Laboratories.” 
Chis circular lists some general principles usually applhi- 
cable to such a standardizing laboratory. These relate to 
the position of the laboratory in its parent organization, 
the scope and accuracy of its work, and the training of 
its personnel. For the range from d-c to 30 ke, the circu- 
lar suggests types of standard apparatus, the care of such 
equipment, and makes recommendations concerning the 
desirable intervals between successive checks on the cali- 


bration of the various kinds of standard. 


PERMINOLOGY 


A COMMON souRCcE of confusion and misunderstand- 
ing in laboratory parlance arises from the present lack 
of uniformity in the designation of standard measuring 
apparatus. In this publication, the term “reference stand- 
ards” is used to designate pieces of apparatus, each of 
which embodies a fixed electrical quantity and serves to 
maintain some unit of measurement in the laboratory 
during the intervals between checks with some laboratory 
at a higher level. The term “working standards” desig- 
nates the apparatus calibrated in terms of the reference 
standards and used in the standardizing laboratory for 
the calibration checking of other equipment, The term 
“shop instruments” is used to designate the instruments 
and apparatus used in the daily work in the rest of the 
plant and calibrated as required by the standardizing 
laboratory, A new term “interlaboratory standards” is 
introduced to designate the pieces of apparatus which 
are shipped back and forth between the laboratory to 
which they belong and some other laboratory, such as 
the National Bureau of Standards, from which the units 
of measurement are derived, Still another classification 
is “comparison equipment,” which includes bridges, po- 
tentiometers, etc., and consoles used in the laboratory in 


* Circular 578, available from the Superintendent of Documents Govern- 


ment Printing Office, Washington 25, D. C., at 15¢ a copy 
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the process by which the shop instruments under test 
are compared with the working standards of the labora 
tory, or by which the working standards are compared 
with the reference standards. 


Che circular closes with the conclusion that the most 


important considerations in such an enterprise are; (1) 


The leader must have a high degree of technical knowl 
edge and competence in the specialized field of electrical 


measurement; (2) The measuring apparatus must be 


adequate and chosen specifically to fit the kinds of meas 
(3) The 


checking procedures must be definite and followed care 


urement and levels of accuracy demanded: 


fully, but should be flexible enough to meet emergen 
cies; and (4) The laboratory must accept responsibility 
ol 
should look to a higher echelon (such as NBS) only for 


for the internal consistency its measurements, and 


its initial calibration and lor periodic checks to detect 


drifts in the values of its reference standards 





Information Theory Impact 
on Modern Communications 


PIERRE 


This is the second and concluding article on 

the impact of information theory on the de- 

velopment of communications systems. Topics 

discussed include carrier transmission, the 

“homodyne” detector, and the applications of 

information theory to pictorial transmission, fac- 
simile, television, and telephony. 


N THE DISCUSSIONS in the first article, baseband 
transmission of the signals has been assumed. That is, 
it has been assumed that the amplitude of a direct 
current or voltage has been modulated or adjusted ac 
cording to a given or input wave shape to denote an in 
stantancous proportional value at each moment 
is more likely to be used 


In fact, carrier transmission 


in practice. It was noted by Carson ‘ that amplitude 
modulation of the carrier leads to symmetrical sidebands 
about the carrier, each of which is a replica of the base 
band spectrum. The signal information is duplicated in 
the sideband so that a loss in efficiency results unless othe1 
steps are taken 

Such a step can consist of filtering out one sideband, 
Or, 


natively, it can take the form of a separate and independ 


leading to a single sideband transmission alter 


ent modulation of the sine and of the cosine components 


of the carrier wave respectively. This gives two individual 


channels in the double sideband, which recovers the in- 
formation efficiency. 


Phese steps, incidentally, are not available (at least in 
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MERTZ 
this clean-cut form) to frequency modulation. Thus, the 
various advantages of such modulation are purchased at 
the price of a reduced intormation carrying efficiency 
Pransmission by amplitude modulated carrier suggests 
an examination of detectors used to recover the signal 
Che simplest of such detectors is the envelope rectifier 
Chis cannot recover negative excursions of the envelope 
When a car 


rier signal contains such negative envelope excursions, it 


as distinguished from positive excursions 
is said to be “overmodulated.” 


The “homodyne” detector (see Hartley) is a prod 
uct demodulator which multiplies the incoming signal 
with the carefully phased output of a local oscillator of 
the exact carrier frequency and integrates the result in a 
low pass filter. [t can distinguish between aiding and op 
posing phase in the incoming carrier as compared with 
therefore, can recover distinguish 


possibilities ascribed to an 


the local carrier and 


able positive and negative excursions 


enve lope 


homodyne detector has 


“ideal” detector as deve loped in some viewpoints of in 


formation theory,” when used with an optimum noise 


filter. It is the detector which has been assumed earlier as 
available to permit the use of a “polar” carrier signal, as 
distinguished from a mere “on-off” signal 

The price of the homodyne detector operation is, of 
course, the necessity for the local carrier supply of exact 
frequency and phase. This can be supplied by some extra 
channel in the transmission, or by a periodic reference 
condition in the signal, during which the phase of a local 
oscillator can be adjusted, Because of this generally high 


price, some modifications have occasionally been pro 


posed to the conventional homodyne detector for special 
signals 
\lso because of this generally high price, it is fre 


quently found that economi equilibrium in the design 
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of practical communications systems leads to the use of a 
simple envelope rectifier, in spite of its poorer signal-to 


noise perlormanc 
IIMING INDICATIONS AS INFORMATION 


\ vroint which is not always noted in the study of com- 
munications systems by information theory techniques is 
that timing indications are a form of information. ‘This 
Note on Theoretical Efficiency of 
Information Reception with PPM,” by M. J. E. 
IR] 1949 


theory study of radar return signals 


has been revealed in 


Golay, 


Proceedings, September and in information 


In these, of course, 


the timing indication is vital, It measures the range of 


the object revealed, and the ability to do this accurately 
is one of the major characteristics of radar. 

In actual point-to-point and network Communications 
systems, the timing may also be ol importance. Some fa 


cilities are used for timing indications alone, as for ex 
ample in the radio transmission of time signals, or in the 
synchronization of astronomical or similar observations. 
In telegraph or data transmission, however, timing is 
Character 
Mertz, 
\pril 1954), It ts 


of sufficient importance in many cases, lor 


“Transmission Line 
Pulse 


Institute, vol. 3, 


also ol miportance (see 


istics and Effects on Transmission,” by P 


Brooklyn Polytechnic 
a special por 
tion of the information capacity to be assigned to it. The 
timing is important because, as was indicated by Nyquist, 
there is an optimum time for sampling a received signal 
impulse to determine its amplitude (or when in a binary 
code, whether tt is marking or spacing) 

This timing information, on a hypothetical basis, can 
during 
cr, 


in the Baudot quadruple x 


be set a lining-up period and need not be re 


peated may be derived from signal transition 


times, as But, for practical 


purposes, it is found desirable to repeat this fairly fre 


quently, as there may be short occasional circuit: inter 


ruptions or bursts of noise that lead the receiver to lose 


count, This repetition permits the receiver to start alresh 


with a minimum of lost time 
Phe timing information is assuming particular im 
portance in pulse code modulation (PCM) systems (dis 


cussed later in this article) where regenerative repeating 


is used.*’"! In such cases, it is essential that the regenera 


tion cover exactness in the timing of the regenerated 


pulses, as well as in their wave shape. It is also essential 


that whatever is used as timing channel also be regenet 


tated in such a way that the timing accuracy is not too 


much impaired 
APPLICATIONS LO PI 


LORIAL TRANSMISSION 


Pur opjyecrive of a tairly large group of communica 
tions systems is the transmission of two-dimensional pi 
tures, ‘These include facsimile (both photographic and 
the cruder direct recording) and television systems, 

In these systems, the end result is a picture seen by the 
ultimate view! really is 


The pring ipal requirement 


that his subjective needs be satishied. These needs cover 
such things as perceptions of sharpness, tone rendering, 
contrast, freedom from extraneous patterns and fringes in 


space or in time (the latter including flicker and strobo- 


Ve rt 


Information Theory Impact 


scopic and after-image effeéts), and color rendering (in 
color systems). 

Such subjective perceptions would not immediately be 
expected to be measurable in terms of information con- 
tent. This is, of course, quite so and, in some instances, 
the fact has been corroborated. Nevertheless, it has been 
found that the techniques of information theory have 
been quite powerful in the engineering of transmission 
systems for pictorial communications. 

In particular, it has been found that the logon carry- 
ing capacity of the system (i.e., the number of independ- 
that 


transmitted) as measured by the frequency bandwidth 


ent picture luminance values per second can be 
available, correlates reasonably well with the resolving 
power and sharpness of the received image. It is clear that 
inasmuch as the optical profession has been searching fon 
many years lor an objective measure of sharpness, and 
have succeeded in getting only a rather loose correla- 
tion,**-"* that the correlation for facsimile and television 
cannot be expected to be any more precise. However, at 
least a reasonably workable measure of this aspect of 
picture quality has been obtainable trom the information 
theory approach,’ 

Ihis has been so successful, indeed, that the optical 
profession has itself begun to try the approach in some of 
their problems of optical degradation.**°* In this tech- 
nique, the subjective degradation is identified with the 
drop in reproduced information caused by the impair- 
ment, 


The 


standards on a color television broadcast signal, adopted 


National ‘Television System Committee (N’'TSC) 
by the Federal Communications Commission (FCC), have 
also made use of conclusions from information theory.°? 
It was long known that the composition of a conventional 
television signal is such as to make rather inefhicient use 
of the frequency space used for the information trans- 
mitted Even earlier, Gray suggested the interleaving 
of three channels for color transmission.°° 

Later, it was further discovered that the eye apprec iates 
chromatic information less, in the resolving of image de- 
tail, than it does luminance information. It even needs 
less chromatic information for certain color groupings 
than for others. Thus, it needs less logon content in the 
signal or a lower frequency band for a purely chromatic 
than for a luminance signal, and less for one of the 
chromatic signals than for the other (if the two are suit 
ably chosen). 

In the NTSC signal, the two chromatic channels are 
much than the luminance channel, and 


narrowcet! one 


chromatic channel is narrower than the other. The two 


chromatic channels are then multiplexed on the lumi 
nance channel by interleaving in the same frequency 
Space 

In this manner, the same frequency space as used for 
a monochrome television signal is made to carry more 
information for the color television signal. The extra in- 
formation has been tailored as far as possible to the sub- 
jective needs of the ultimate viewer, and inserted in 
inefhciently used portions of the original signal. 

In recent times, serious proposals have been made for 
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reducing the inefficiency of transmission of monochrome 


television.“° This, of course, has been an objective for 


many years, but the results have been disappointing until 
very lately. Even this proposed system is usable only 
where the signal has been translated from its normal or 
analog form into a digital form. The proposal consists in 
separating the high-frequency components from the low 
frequency components of the signal and separately trans- 
lating them into digits. The low-frequency digits, which 
come relatively seldom, are translated with customary 
accuracy. The high-frequency digits, which come at a 
high rate, are translated on a very coarse scale of grada- 
tions. In an experimental system, this reduced the fre- 
quency band required for the digital transmission to 
about half. 


INFORMATION THEORY APPLICATIONS TO TELEPHONY 


THE APPLICATION of information theory to telephony 
again brings in the subjective factors that have been 
noted with regard to pictorial transmission. 

Chis matter gets into the problems of the intelligibil- 
ity and entropy in linguistic processes. Studies have been 
made of the point both for written and auditory lan 
guages. There are of course two basic steps in coding an 
idea into a telephone line signal. The first is to express 
the idea in terms of a language. The second is to trans 
late the language into line signals. In the speech form, 
the language consists of a succession of elementary sounds 
which are called “phonemes.” 

It is not expected that in telephony the speaker will 
modify his speech to increase his efficiency or reduce re 
dundance in the first step. It is, however, of interest to 
know the amount of redundance in that it gives an idea 
as to how much the signal may be distorted in transmis- 
sion without destroying the sense conveyed by the speech. 

Shannon" has made some estimates of this for a printed 
inglish text of 100 characters, on the basis of asking a 
subject to guess the successive letters, and noting the sta 
tistics of correct answers, This redundancy comes out, in 
his terms, of the order of 75%. Fry®* has carried out this 
test with spoken English counting phonemes instead of 
letters, He comes out with a redundancy of the order of 


\s regards the second step, one may note that according 
to the speed of speech, one may utter from 2 to 20 
phonemes per second, with a possible “typical” value of 
8. The number of phonemes, say in English, varies ac 
cording to point of view. If one aims primarily at in 
telligibility and considers closely similar sounds as one 
phoneme, the number perhaps is in the 50’s and each can 
be identified by a 6-bit signal. If one aims at fine distine- 
tions, this number exceeds 100, and about 7 bits are nec 
essary. This means merely that intelligible speech re 
quires some 12 to 120 bits per second of basic informa 
tion. A typical value might be 50. If finer distinctions of 
speech are, considered, the numbers run only from 14 to 
140. A little more should also be added for average pitch 
indication, and possibly for other indications character- 
izing expression. 
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Experiments have been carried out to determine the 


various fundamental transmission requirements for a 
telephone circuit to transmit speech in the conventional 
manner, and with a degree of ease deemed suitable for 
message communication." These lead specifically to 
frequency band needs of the order of 3,000 cycles 

A 3,000 cycle band is very inefhiciently used by a process 
which conveys only some 15 to 150 bits per second of in- 
formation, especially when more than half of that ts re 
dundant to the ideas expressed. The fact illustrates, how 
ever, why it is possible to carry out the speech transmis 
sion under very unfavorable conditions and still retain a 
useful degree of intelligibility, It also illustrates why it is 
more difficult to use a telephone facility tor data trans 
mission than for speech transmission (in addition to the 
fact that it was designed for speech in the first place) 

Because of these considerations, there has been eflort 
in a number of directions to transmit speech in a nat 
rower frequency band than used by a conventional tele 
phone circuit 


fact that the 


Essentially, the problem arises trom the 


“code” which is used to represent the voice, 
namely, the analog connection between the signal voltage 
and the instantaneous air pressure (or velocity) in the 
region between the speaker's mouth and the microphone, 
is not an “efhicient’ code, It is necessary to beware of any 
“efhcient” code development that depends upon a long 
code group for its efhcacy. Because if too much encoding 
and decoding time is required, this can quickly impede 
the flow of conversation. Such a flow is one of the out 
standing advantages of telephony over other media of 
long distance communication, and its possibility is ol 
great importance to the art. 

Of the various efforts to improve the coding efhciency 
of speech, the one that probably has been pushed the 
furthest toward a practical realization is the “Vocoder,”” 

Phe objective of the Vocoder is to correlate the speech 
to some degree with the mechanism of the voice. In one 


form of the scheme, the 3,000 cycle speech spectrum is 
This 


have a 


divided into 10 bands, and the energy in each noted 


is communicated to the far end in channels that 


25 cycle baseband (or 50 cycle double sideband width) 


\n eleventh channel, of the same width, indicates the 
fundamental pitch, At the receiver, these signals control 
the intensities (in the original bands) of a sound stream 
consisting of a hiss or a buzz (the choice of these two be 
Phe 


speech channel is, therefore, reduced to some 11 50 
550 


ng under control of the pitch channel) entire 


cycles, and could be reduced further by vestigial 
sideband transmission through the individual channels, 
if necessary 

Thus, the net contributions which information theory 
has made to conventional telephony are an awareness ol 
the price paid in information efhciency for the simplicity 
that characterizes the ordinary message telephone system, 
and the means that can be used to increase this efficiency 
in cases where the economic equilibrium warrants it 

Felephony, in addition to this, also comprises switch 
ing and signaling circuits that have much in common 
with the binary code pulses of telegraphy and data trans 
informa 


mission. In these circuits, the contributions of 
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tion theory run along much the same paths as for those 
two other arts. 

In recent times, there has been much consideration of 
the possibilities in a conversion of the speech signal itself 
into a binary digital code. This is called “pulse code 
modulation,” or PCM.** When the signal is in such a 
code form, it greatly resembles a digital data signal. The 
principal differences are: (1) that interruptions for syn 
chronizing or other auxiliary signals, where necessary, be 
kept down to very small intervals of time in order not to 
interrupt the free flow of speech; and (2) that the criteria 
for permissible error rates be different. Aside from these 
differences, all of the objectives for the improvement of 
data transmission by information 


hold 


sion is that the facility obtained is not just a byproduct 


the application of 
theory The further advantage over data transmis- 
of a much more widely used facility, and the new plant, 
therefore, can be tailored specifically to the PCM trans- 


mission. 
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Translucent Fabric 
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\ new fabric, Herculite £36 Clear, keeps working areas 
free of dust and contaminating fumes while allowing the 
penetration of natural light. It is light in weight, acid 
resistant, fire resistant, rot and mildew proof, waterproof, 
and will allow natural light to flood a working area thus 
reducing the need for artificial light. Fabric has been 
developed by Herculite Protective Fabrics, Belleville, N.]. 
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A High-Frequency Magnetic Servo Amplifier 


W. R. 


SEEGMILLER 


ASSOCIATE MEMBER AIEE 


HE ADVANTAGES of operating magnetic ampli 

fiers at frequencies higher than the usual 50 to 400 
cps are improved transient response and reduced size and 
weight. 

Recent developments in small high-frequency genera 
tors for aircraft and missile applications have provided 
a source of high-frequency power suitable for driving the 
output stages of magnetic amplifier control systems. 

A motor-generator set was used as a high-frequency 
supply for this work. The set consists of a 3-phase 400-cps 
induction motor and high-frequency generator mounted 
on the same shaft. 

A circuit diagram of the amplifier is shown in Fig. 1. 
The amplifier consists of three half-wave bridge stages in 
cascade designed for operation at the 4,700-cps supply 
frequency. 

Ihe output of the amplifier drives a 400-cps 2-phase 
servo motor. The motor used in this application is the 
U.S. Navy Bureau of Ordnance Mark 14 size, 
quires 3.5 watts of control phase power for rated torque 
of 0.63 


Fig. 2 shows the application of this amplifier in a typi 


which re 
inch-ounces. 


cal position servo loop using 400-cps synchros for the 
position error signal and 
feedback. 


Operation of the amplifier at a frequency higher than 


100-cps tachometer for rate 


the motor frequency eliminates the effect of the usual 


drift error present in conventional magnetic amplifier 


systems. However, in systems requiring high amplifier 
gain there is still a problem, inasmuch as the d-c drift in 
the first stage may become large enough to drive the out 
One 


capacitively. 


put stage into saturation, solution to this problem 


is to couple each stage 

In this application, each stage is coupled directly and 
a feedback network is used to compensate for any d- 
The feedback net 


is shown in Fig. 2 


unbalance or drift in the amplifier. 
work, consisting of R4, R5, and C/, 
The purpose of this network is to provide a feedback 
proportional to any d-c unbalance or drift within the am 
plifier. Without this network, the unbalance or drift of 
the first and second stages of the amplifier may be sufh 
cient to drive the output stage into saturation. The net 
work keeps the amplifier in the linear region of operation 
by providing a feedback proportional to the d-c unbal 
drift. 


100 cps, so the feedback network does not appreciably 


ance or Capacitor C/ presents a low impedance to 


affect the 400-cps gain. Capacitor C2 is a blocking capaci 


tor which keeps any d-c output off the motor winding 
usual chosen for 


Capacitor C3 is the tuning capacitor 


parallel resonance at 100 cps. Capacitor C3 also acts as a 
bypass for the 1,700-cps component to keep it off the 
motor winding. 

The error caused by drift has been a limiting factor in 
1957 
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Magnetic Servo 


STAGE 


Fig. 1. Circuit diagram of 3-stage half-wave magnetic amplifier. Dotted 


lines indicate windings on same core. 
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Fig. 2. Schematic diagram of position servo. (RI, R2, RI 
R4, RS 24,000 ohms; 86, R7 10,000 ohms; Cl! 
5uf; C3 2uf.) 


many magnetic amplifier applications, particularly on 
systems requiring high accuracy over a wide range ol 
ambient temperature conditions, Elimination of the drift 
problem is another advantage to be gained from oper 
ating high-frequency magnetic amplifiers in this manne 
The amplifier has been packaged in a can 1% by 
14 by 1% inches. Weight of the completed amplifier 
after vacuum impregnation and potting, is only 5 ounces 
Phe advantages of high-trequency operation of mag 
netic amplifiers in size and weight reduction and in im 
proved performance are illustrated in this application 


The 


netic servo amplihers, has been eliminated by operating 


usual drift error, inherent in conventional mag 


the amplifier at a higher frequency than the motor fre 


a feedback 


sponds to any d-c unbalance in the output makes 


quency The addition of network which re 


pos 
sible to cascade several stages without the danger of sat 


urating the output stage as a result of input stage drift 


Digest of paper 57-775 
borne Control Systems 
Amplifiers and 
for presentation at the 

Canada, June 24-28, 1957 
tion and Electronic 1957 


High-Frequency Magnetic Servo Amplifier for Ais 
recommended by the AIEF Committee on Magnetic 
ipproved by the AIFF Technical Operations Department 
AIFF Summer General Meeting, Montreal, Ou 
Scheduled for publication in AIEB Communic 


W. R. Seegmiller is with the General Electric Company, Schenectad 


Amplifier 





CBC Radio Service in Canada 
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Among the varied broadcasting systems used 

throughout the world, the Canadian system is 

unique in its use of privately owned and pub- 

licly owned radio and television stations as 

essential parts of an integrated national opera- 
tions. 


STABLISHED by an act of Parliament, the Ca- 


nadian Broadcasting Corporation (CBC) is a pub 
lic Corporation set up to carry on a national broad- 
casting service in Canada, Its purposes are to provide ra 
dio and television service for the entire nation; to de- 
velop Canadian programs and bring in selected programs 
from other countries; and to make this service available 
to as many Canadians as can possibly be reached, giving 
all as unilorm a service as possible in’ English or in 
French, the two principal languages in Canada 
Phe continual need to expand the radio broadcasting 
service to listeners in the remote 


coverage to provide 


areas of Canada, to maintain and improve the existing 
service and to keep additional expenditures to a mini 
mum has brought about a changing pattern of technical 
operation which is discussed here. 

Poday, Canadians accept radio as a public service 
which is taken for granted along with hydroelectric power 
and the telephone. Despite public interest in: television, 


those engaged in both services know that more Cana 


dians own and operate more radio receivers in 1957 than 
Data Radio Elec- 
I elevision Association of Canada 
1,300,000 


ever belore recently released by the 


tronu Manutacturers 
shows that Canadians purchased more than 
radio receiving sets in the past two years 

The problems brought about by the increase in the 
number of potential listeners, the continuing need to 
expand the service to include areas not yet receiving serv- 
ice and the loss of audience to television during the eve- 
ning hours has brought with it the need to operate the 
CBC's radio facilities more economically and efficiently. 
The CBC 


Fach of these provides service to a group of basic stations 


programs three separate radio networks, 
and, through network extensions, a group of supplemen- 


tary stations. To provide this service the CBC rents, on 
a contract basis, over 14,000 and occasionally up to 26,000 
miles of network facilities. 

from St. 
John’s, Nfld., in the East to Prince Rupert and Vancou 
ver, B. (¢ West. Fou 
work of the Corporation provides 16 hours of program 
This 17 of 


which are CBC owned and operated, In addition to these 


The Corporation's major network extends 


in the this, the Trans-Canada Net- 


service daily network includes 15 stations, 


medium 


and high-powered stations, the CBC has ex- 
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tended its service to many remote points by the installa- 
tion and connection to this network of 52 low-power re- 
lay transmitters. The remaining 28 stations which make 
up the Trans-Canada group are privately owned and 
operated, 

The Dominion Network, which extends from Sydney, 
N. S., in the East to Victoria, B. C., in the West, is com- 
posed primarily of privately owned stations of which 
there are 49, and one key station located in Toronto, 
Ont., which is owned and operated by the CBC, 

The CBC French Network, operating 16 hours daily, 
is composed of four major stations and two low-power 
relay stations owned by the CBC in addition to 20 pri- 
vately owned stations. This network extends from Monc- 
ton, N. B., in the East to Edmonton, Alta., in the West. 

As an additional function and acting for the Govern- 
ment of Canada, the CBC operates two high-power In- 
ternational Shortwave transmitters which are located 
near Sackville, N. B., and are programmed from the Cor- 
poration’s studios in Montreal. 

The operation of the four services represents a major 
engineering function on the part of the CBC and the 
two railway communication companies supplying the 


network facilities. 


UNATTENDED TRANSMITTER OPERATION 


IN ORDER TO PROVIDE as much service as possible with 
the limited funds available, each new CBC transmitter 
or old transmitter when replaced or brought up to date 
has been engineered to operate by remote control from 
the associated studio control point. This type of opera- 
tion frees the transmitter staff so that they can perform 
other duties and also reduces the size of staff. required 
to operate a given studio transmitter installation, 

The new remote-controlled transmitters can be started 
up in stages, operated during the broadcast day, and 


shut down by means of push buttons or switches located 


in the studio plant. During the operating period, the 


studio or control technician can readily determine 


whether or not the readings of several important metered 
circuits are correct or, if incorrect, are too high or too 


Fssentially full text of paper 57-659, ‘The Canadian Broadcasting Cor- 
poration’s Radio Service in Canada,” recommended by the AIFE Committee 
in Television and Aural Broadcasting Systems and approved by the AIEE 
echnical Operations Department for presentation at the AITEE Summer 
General Meeting, Montreal, Que., Canada, June 24-28, 1957. Scheduled 
for publication in AIRE Communication and Electronics, 1957 
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Montreal, 


Notr: Population figures were obtained from the audience research de 
partment of the CBC and are based on the Canadian Census of 
June 1, 1951, protected to June 1, 1955, or census figures for 1956 
In determining the urban population, the following 1951 Census 
definition was used The urban population in 1951 includes all 
persons residing in cities, towns and villages of 1,000 and over, 
whether incorporated or unincorporated, as well as the population 
of all parts of census metropolitan areas.” 
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low. The frequency of the 





transmitted wave and the Table Il. Rural vs Urban Coverage 





transmitted level of the pro- 
Daytime Area 
Daytime Population square miles 


gram can be monitored con- 


Frequency, Power, 


tinuously from the studio Call Lecation ke how TOTAL Urban Rural TOTAL Urban Rural 


control point. BU Vancouver, B.C, 690 10 953,200 771,000 182,200 10,100 430 9,700 
é , F BX Lacombe, Alta. 1010 50 858,000 511,200 446,800 60,900 295 60,000 
If any major unit gives Coverage excludes that area which receives a stronger signal from CBK 


trouble, a visual or audible BK Watrous, Sask. 540 50 1,122,600 381,000 741,600 256,200 420 255,800 
Coverage excludes that area which receives a stronger signal from CBW and CBX 


signal warns the technici:z 
gine technician Winnipeg, Man. 990 50 787,400 518,400 269,000 53,600 28S 53,300 


on duty at the studio that Coverage excludes that area which receives a better signal from CBK 

some fault has occurred. If Toronto, Ont 740 50 4,680,500 2,749,300 931,200 $3,600 810 42,800 
. Montreal, Que. 940 50 

anyone attempts to gain ille- Montreal, Que 690 ea 

Coverage quoted is for CBF and is duplicated almost entirely by CBM 


4,418,300 3,241,900 1,176,400 52,400 895 51,500 


gal entry, if the temperature 
. on ge BA Sackville, N. B. 1070 50 1,044,600 466,000 578,600 44,000 675 
in the building becomes un- 


usually high, or if fire breaks wens neat candy recat mamas 





out, a warning is sounded 
at the centrol point and in some cases a large gong The publicly owned system, on the other hand, was 
mounted on the outside of the remote transmitter build- expected to provide service in most of these rural areas 
ing sounds to scare off prowlers and to attract attention. as well as in the major urban centers. Fortunately, the 
In the case of fire, a heat-sensitive control element closes CBC was able to provide a large percentage of listeners 
a circuit which operates motors closing all building air with service by strategically located 10- to 50-kw trans 
inlets and outlets. When these are closed, carbon di-  mitters. The locating of these transmitters presented 
oxide gas (CO.) is released within the building in suffi- many problems and the final location selected for the 
cient quantity to smother any blaze. Other features in- transmitter site was always a compromise between the 
clude automatic voltage control of voltage-sensitive best rural coverage and satisfactory urban coverage 
equipment, remote indication showing whether the trans- Ihe rural vs urban coverage so provided can best be 
mitter tower red warning lights are on or off, and auto- — illustrated by some typical examples, as shown in Table I 
matic recycling of the transmitter startup procedure in The list of stations in Table I does not represent all 
the event that momentary power surges or lightning dis- of the sound transmitters owned and operated by the 
charges knock the transmitter off the air. CBC, Fourteen other broadcast band transmitters, lo 

Manually operated disabling facilities prevent the a cated at major population centers from St. John’s, Nfld., 
cidental discharge of CO, gas, as well as the ringing of — to Prince Rupert, B. C., two short-wave transmitters, 54 
the warning gong or actuation of control point signals low-power relay transmitters and four FM transmitters 
during periods when authorized personnel are at work in serve to round out the national sound or radio service 
the transmitter building. Iwo 50-kw short-wave transmitters operated tor the In 
ternational Service by the CBC provide coverage in sev 
RURAL COVERAGI eral foreign countries 

Although some of the 50-kw transmitters provide satis 

On June 1, 1951, the Royal Commission on the Na- factory service in provinces and time zones outside those 

tional Development in the Arts, Letters and Sciences jin which they are located, there is a practical and eco 


stated “The Canadian national broadcasting system is the — nomical limit to the extension of coverage by increasing 


result of ingenious improvision to provide speedily an the power output of transmitters. 


extensive service in a country where adequate coverage 
, P ; LOW-POWER RELAY TRANSMITTER OPERATION 
is perhaps the most expensive and the most difheult in 
the world.” Fietp Tests made with a low-power transmitter set up 
Canada is a country of some 16 million people, spread = in a mountain valley in British Columbia in the summer 
across six time zones. It is bilingual. Almost all of the of 1940 confirmed a CBC engineer's beliel that a small 
urban population and the bulk of the rural population transmitter with a power output of 20 to 25 watts could 
live in a narrow belt, about 200 miles wide but thou- — provide a reasonably satisfactory service in isolated com 
sands of miles long, across its southern border. munities where the more concentrated population did 
As the audience becomes more scattered, the cost of | not exceed 10,000. 
providing service to each listener becomes higher be- Although the normal range of a station of such limited 
cause the number of listeners per square mile is reduced. power would not exceed a radius of 3 to 5 miles, it was 
A point is reached where it becomes dificult to provide found that a small part of the radiated power could -be 
service and the cost per listener becomes exorbitant. introduced into the local telephone, telegraph, and car 
For the most part, the privately owned and operated _ rier circuits by locating the transmitting antenna within 
stations concentrated their coverage in the larger urban ‘50 feet of the overhead wires and that this could be done 
areas, leaving a large and frequently remote rural audi- without creating serious interference with these sery 
ence either without service or provided with an erratic — ices. By a further utilization of the carrying effect of the 
and inadequate service. open copper-wire lines, it was possible to provide usable 
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Table Il. Low-Power Relay Transmitters 


Stub Line 
Approximate Population From Nearest 
— Network Repeater 


Location Urban Rural 


Station, miles 


town 3,000 
Geraldtown 900 
Red Rock 2,600 
Chapleau d 700 
Beardmo 1,400 
vakina £00 

oux Looks , 1,300 
, 200 

1,500 

700 

1,500 

900 

4,100 

1,900 

2,400 


22,800 


per watt of output: urban, 62; 


9,200 
1,000 


10,200 


900 13,700 
400 6,400 


100 20,500 


400 
3,600 
100 
2,400 


6,900 


BUG kk 1,200 
KEI bernie 3,000 
BRO 5,000 
KX I Golde 1,500 
KxXM Me Bric 1,700 
Bue ilmor 12,400 
HRM ( resto 4,400 
Ut Hope 3,600 
Ht bh Kitimat 8,000 
BR North Bend 1,400 
HR} Chuesne 4.700 
BRA Revelstoke 800 
Grand Fork 4,500 

Williams Lake 2,100 

( ranbrook ; 2,700 

100 

3,200 

2,700 

2,600 

700 

sstleg 5,400 

Oliver 5,800 

vate 2,600 

1,100 
2,300 


(,reen 


mither 

Vanderhoot 
Burns Lake 2,400 
Terrace 2,100 
bield 700 
2,400 
1,700 
000 


Princeton 


45,100 92,400 


Potential idience per watt of output: urban, 70; 


Krequency ¢ y receiver 


unavailable hort wave and broadcast band from Van 


town now has 1 .p ately owned broadcast transmitter in addition 
CHKC relay unit 





service to small communities, ranchers, farmers, sawmill 


workers, and railroad men where the residences were 


located near the right of way of such lines and up to a 


TRO Oldine 
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distance of 60 miles from the low-power transmitter site. 
By this 
through which the network lines passed or which could 


means, many previously unserved areas, 
be tied in to the network by means of a stub line, could 
rhe 
station of this type to be placed in operation was in- 
stalled in Revelstoke, B. C., on October 22, 1940. This 


initial unit had not been designed for 16-hour-a-day un- 


be provided with network program service. first 


attended service. In view of this and other shortcomings, 
a transmitter unit was designed especially lor the purpose. 
Some of the requirements were as follows: 


1. Inasmuch as the contract for the national radio net- 
work service had been placed with the two major Ca- 
nadian railway companies, the transmitter would have 
to feed an antenna which could be conveniently and 
unobtrusively erected on railway station property rather 
than one designed for maximum efficiency. 

2. The antenna tuning and coupling unit should pro- 
vide a direct copper-circuit path from antenna to ground 
so that static charges could not build up and break down 
components 

3. The power output should be between 15 and 25 
watt and antenna coupling facilities should permit this 
output to be fed to antennas having a wide range olf re- 
actance and resistance values, 

1. Some form of lightning gap and choke should form 
a part of the installation. 

5. The tube line-up should be simple and efficient. 

6. The unit should provide long and reliable service 
when operated on poorly regulated or fluctuating sources 
of power supply. 

7. A minimum of meters and panel-controlled adjust- 
ments, consistent with reliable operation, should be used. 

8. The power supply should be broken down into fused 
and sectionalized units to provide good regulation and 
ease of servicing. 


9, The mechanical construction and wiring harness 


should permit sectionalized chassis units to be removed 


and replaced readily. 

10. The audio trequency response should be equal to, 
or better than, that of the associated network lines, that 
is, + 2 db from 100 to 5,000 cycles, 

11. The audio input should be arranged to provide 
bridging input or direct termination across a 600-ohm 
line and the built-in speech input amplifier should per 
mit operation at 90%, modulation with line levels as low 
as —10 to —20 db. 

12. All components should be operated well below 
rated capacity. 

13. Servicing should be as simple as possible. 

14. The unit should be capable of operating for peri- 
ods of 4 months or longer between periodic maintenance 


inspection calls. 


As no ready-made equipment incorporating these fea- 
the market, 
made to co-operate with a radio manufacturer in the de- 


tures was available on arrangements were 


sign and construction of a prototype unit. When this 
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proved satisfactory, additional units were manufactured 
and a detailed maintenance manual was prepared so 
that technicians with little experience could locate and 
repair minor faults and replace defective tubes and fuses. 

The first of the new units (Fig. 1) was installed in 
Revelstoke in July 1942, and a unit of this type has been 
in daily operation since that date. In this system, as 


shown in Table II, 54 units are now in operation, pro 


viding national network program service for 16 hours 
a day to some 62,500 additional radio homes and a po- 
tential audience of approximately 250,000 listeners. 

Many valuable suggestions have been received from 
technicians and engineers in the field whose duty it is 
to install and maintain these units. From time to time, 
improvements have been made in the basic design with 
the result that new or converted units will normally pro 
vide uninterrupted service, other than failure of primary 
power service, for periods of 8 months to well over a year. 

Although these miniature transmitters have been de 
signed to operate with little or no attention, it has been 
CBC practice to install them in telephone, telegraph, ot 
railway stations, and arrangements have been made with 
the technical or nontechnical staff at each point to pro- 
vide the minimum of service required to assure satisfac 
tory operation. 

In the event of unexpected failure of tubes or other 
components, arrangements have been made, at most 
points, whereby a qualified local technician or citizen 
will provide emergency repair service If the local tech- 
nician cannot locate or repair the fault, a telegram is sent 
to the nearest CBC supervisory office and a_ technician 
is dispatched immediately to locate and repair the fault. 

\s a matter of interest, the high-power transmitters 
listed provide service to 41.5 potential urban listeners and 
13.6 rural listeners per watt of output power. The an- 
nual operating and maintenance cost excluding network 
osts and depreciation but including salaries of staff, 
maintenance of buildings, grounds, tube and part re 
place ments, power, heating, el 


100 listeners 


averages about $7.70 a 
year pel 

Operating to an audience prepared to accept a some 
what less exacting service, the low-power relay transmit- 
ters in Ontario serve an ut ban audience ol approximately 
62 and a rural audience of 71 per watt of output, The 
average operating and maintenance cost, excluding net 
work and depreciation costs, is approximately $3.04 
year per 100 potential listeners 

When stub network costs from the closest contact with 
the Trans-Canada Network are added to the operating 
cost, the cost of serving each potential listener in the 
typical group served by the 15 relay transmitters in On 
tario is approximately $1.85 per year 

Ihe average cost of the power, space, limited service, 
semiannual inspections, emergency trips, tube and equip 
ment replacements, and other costs excluding depreci 
ation, averages, in the case of the aforementioned 15 
units, $1,254.40 per unit per year, of which sum $54.40 
covers the cost of all inspections, maintenance and emer- 
gency trips, tube and component replacements, and local 
emergency service. 
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Fig. 1. Rear view of the CBC's low-power relay transmitter 


CONCLUSIONS 


Ihe data presented in this paper and the experience 
gained in the operation of the equipment described leads 
to the following conclusions 


1. Radio 


operation by remote control and when housed in a build 


broadcast transmitters, when designed tor 


Ing designed to permit this type ol operation, Can pro 
vide service equal in all essential respects to similar at 
tended units 

2 Unattended or semi-attended 20-watt relay trans 
mitters can provide a useful radio broadcast service in 
areas remote from the larger centers ol population and 
will, with very few exceptions, provide this service fon 
periods ol tour months or more between periods main 
tenance Inspections 

§. Fither or both of these forms of operation can re 
duce technical manpowe! and 


requirements operating 


costs, 
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Corona Measurements on 


Oil-Insulated Transformers 


E. J. ADOLPHSON 
ASSOCIATE MEMBER AIEF 


A description is given of a technique recently 

devised which permits the accurate determina- 

tion of corona. With proper discrimination be- 

tween external corona in air and internal corona 

in voids and corners under oil, quantitative 

measurements may be made on oil-insulated 
transformers. 


YY ORONA IN OIL for both low-frequency and im 
pulse voltages has been studied for many years. 

A Corona on relatively large radius surlaces in oil was 
found to be very violent and often corona and breakdown 
values were the same. On the other hand, corona could 
be rather easily formed in combinations of insulation and 
oil, and it was found that vacuum filling was necessary to 
that 


audible and visual indications came at the same time, and 


obtain reliable values. In this case, it was found 


that inspection after such tests showed evidence of the 
presence of corona.’ Data obtained in this way led to 
determination of the corona points of various assemblies 
construction of corona-lree trans 


formers. The presence of low-frequency corona can also 


be determined by radio interference meters and various 


CAPACITOR 


Corona detec- | 

- INPUT 4 OSCILLOSCOPE 
suggest IRE CHOKE ? 
ed by G. E. Quinn.? 7 3 , 


Lond 


Fig. 1 


tion circuit i Re CHOKE 


TUNED RADIO 
FREQUENCY TRANSF, 


HIGH RATIO 
AiR CORE TRANSI 


b Fig. 2. Proposed co- 


OSCOPt rona detection circuit. 


HIGH RATIO 
JORE TRANSF 


TUNED RADIO 
FREQUENCY TRANSF 


AMPLIFIER 
Fig. 3. Proposed co- 


+ 


rona detection circuit 
with amplifier : 


> OSCILLOSCOPE OR 
CATHODE FOLLOWER 
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test circuits. However, they lead to determination of the 
relative absence of corona, and not a measurement of its 
severity. The sensitivity of such circuits was often ques 
tionable, Only by inference could it be established that 
the apparent absence of corona showed no change even 
after long service, A test circuit has been devised which 
seems to enable quantitative measurements to be made, 
and which can be used to test apparatus, The results of 


some tests On apparatus are given. 
CORONA MEASUREMENTS 


ONE OF THE EARLIEST DEVICES USED was one devised by 
G. E. 


in essence it consists of radio-frequency chokes and a 


Quinn.” Many modifications have been used, but 
capacitor, as shown in Fig. |. A description of several cir- 
cuits used are given by R. J. Hopkins, T, R. Walters, 
and M, E. Scoville.‘ 

These circuits are characterized by the ability to meas- 
ure the charge involved in the corona pulse. It is given as 
I= CAE, where J is expressed as intensity in micro- 
microcoulombs (yycoulombs). C represents the capacity 
of the test sample in farads. It will be seen that since 
AF is the change in voltage due to the streamer or pulse, 
the sensitivity is a function of the capacitance, 

It is also to be noted that the chokes used were not very 
rugged, nor did they have any appreciable current ca- 
pacity. Hence, although they might be used in testing 
transformers, there might be a little hesitance in ground- 
ing a transformer tank through such a device. Therefore, 
some study was made of alternate methods and a new 
circuit devised and tested. 


A NEW CIRCUIT FOR CORONA DETECTION 


Iv WAS CONCEIVED that a circuit similar to that shown in 
Fig. 2 might be used. It consisted of an air-core trans- 
former, with a heavy primary winding having consider- 
able current-carrying ability, The secondary winding had 
many turns. An r-f transformer could be tuned to it, so 
that the 60-cycle or other low-frequency wave would be 
entirely obliterated. For more refinement, an amplifier 
and cathode follower were added later as shown by Fig. 3. 
It was decided to determine its calibration and general 
performance as described in the following paragraphs. A 
mathematical treatment to confirm the behavior of the 
device is shown in the Appendix. 

Full text of paper 57-636, presented at the AIRE Summer General Meet- 
ing. Montreal, Que, Canada, June 24-28, 1957. Recommended for publica- 


tion by the AIEE Committee on Transformers. Scheduled for publication 
in AIEE Power Apparatus and Systems, 1957 
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Fig. 4. Corona detection circuit calibration. Oscilloscope sensi- 
upper 0.05 2.0 
volts/division. Charging capacitance, 100 


volts/division; lower trace, 


18.6 


tivity: trace, 


uf. Sweep, 


tisec/ division. 


Fig. 5. Corona detection circuit calibration. Oscilloscope sensi- 
upper 0.2 2.0 
volts/division. Charging capacitance, 96.6 jwUf 100 


tivity: trace, volts/division; lower trace, 


Sweep, 


Lisec/ division 


CIRCUIT CALIBRATION AND PERFORMANCI 


VARIOUS METHODS for simulating corona were tried to 
ol the 


an insight 


provide a means’ of calibration corona detection 


equipment and to gain as to the nature of 


corona disturbances. The most successitul method was to 


provide a charge to the detector with a pulse generator in 
series with a small capacitor as suggested by another in 


vestigator. A measurable charge is then delivered to the 


corona detector on the front of the pulse and also at the 


tail of the pulse. Figs. 4 and 5 show a pulse and the r 


sulting output of the corona detector. Fig. 4 shows the 


deflection caused by a charge of 18.6 wucoulombs and 


Fig. 5 


lombs 


the deflection caused by a charge of 387 
The 
over this range, 1.2 millivolts per uncoulomb for Fig. 4 


and 1.1 The 


was a General Radio type-/2/7A unit pulse generator 


mucou 


detector sensitivity was essentially constant 


millivolts for Fig. 5 pulse generator used 


The effect of additional capacitance across the input of 


was also investigated. A capacitance of 0.1] 
A 


very large compared to 


the detector 


reduced the sensitivity by only 2° 


uf 
that encountered in the intended application of this de 
the tank 


effect was 


uf (microfarad) 


‘ 


capacitance of 0.1 would be 


transformer to 


checked 


ground circuit 


tector, such as capacitance 


that of lead in 


An 


ground. Another 


ductance in the detector inductance 
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of 50 microhenries (yh) had no effect in the circuit ope 
ation or calibration. A large inductance of 10 millihenries 
(mh) changed the nature of the applied pulse but did not 
materially change the sensitivity. 

The pulse repetition rate has no influence on the ci 
cuit, provided the successive disturbances are 500 micro 
seconds (usec) apart, The output of the detector is a train 
of oscillations approximately 500 ysec in duration 

Fig. 6 is a photograph of corona from the tip ol a 
IT he 


The deflection corre 


blunt needle 6 inches away from a plane surtace 


corona starting voltage was 7.5 kv 


show 5 


sponded to a discharge of 113 wucoulombs, Fig. 7 


that a similar indication is obtained with an input con 
sisting of a rectangular pulse generator in series with a 


The 


Some corona disturbances are thought to be of 


small capacitor disturbance was 386 jucoulombs 


very short 


time duration, | usec or less. Fig. 8 shows the response of 


the detector to a pulse ol approximately 1 usec in dura 


The 


with a 43-4 capacitor, 


tion pulse generator was coupled to the detector 
Ihe tests made show that the response ol the corona 
ol 


has been tound 


detector corresponds to the change in. charge the 


corona input circuit, The detector to be 


very stable in operation and will maintain its calibration 
Fig. 8 also demonstrates the detector’s ability to accept a 
voltage 


signal of | wsec in duration and provide a usable 


of about 500 usec in duration 


circult response to actual corona, 


1,700 jisec/ division 


Fig. 6. Corona detection 
Voltage, 7.5 kv. Sweep, 


Fig. 7. Corona detection circuit response to a small charge 


from pulse generator. Capacitance, 96.6 \i\\f. Pulse voltage, 


4.0 volts. Sweep, 500 jisec/division. 
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Fig. 8. Corona detection circuit response to a pulse of 1 jisec 


duration. Sweep, 50 jisec/ division. 


AMPLITUDE OF CORONA IN OL 
oil 
that 


corona in 


IN ORDER TO CHECK the amplitude of corona in 


structures, several tests have been made which show 


it is ordinarily many times more severe than 


air, Hlustrative of this, the results are given of tests on a 
The 


Corona, 


fullerboard barrie. clectrodes were a 


disk 


with an 


iA-anch thick 


plane and a square-edged 


22 ky 


It is to be inferred that corona in oil will be 


appearing 


abruptly, occurred at intensity of 3,000 
mucoulombs 


it least of this order 


CORONA TESTS ON VOIDS IN INSULATION IN AIR 


Duk TEST SAMPLE was an 84-inch diameter electrode, 
2 inches thick, with a l-inch radius, as well as a ground 
plane and a series of 41%-inch disks of bakelite sheet, It ts 
shown in Fig. 9 

Phese sheets were made as complete disks or with vari 
The 


to 14 inch, and one was made with a 0.040-inch diameter 


ous size holes. holes varied in diameter from 3 inches 


hole 

Phe method of calibration was to connect a pulser in 
cries with a small capacitor and the detector primary. 
The voltage of the pulse was measured, as well as the 


oscillation on the secondary winding of the detector 


(output of detector), Both measurements were made with 


an oscilloscope. The product of the pulse voltage times 


the capacitance determines the charge in wucoulombs, 
Ihe sensitivity can be expressed in terms of millivolts 
secondary voltage per wucoulomb, Typical values given 
by another detector, used for these tests were as follows 
pulser voltage, 20 volts; capacitor, 20unt; O, 400uuCcou 


lombs; oscillograph deflection, 2.8 volts; and calibration, 


8, DIA 
ELECTRODE 
Fig. 9. Electrode ar- 
rangement for de- 
termining corona 


point of voids. 
a | 


Adolphson, 


Vogel Corona 


7 millivolts per wucoulomb, The results of the tests on the 
Table I. 


An approximate measurement of the dielectric con- 


voids are shown in 


stant of the sheet bakelite resulted in a value of about 4. 
On corona 


points are as shown in Table II. 


this basis, from other data, the calculated 


rESTS OF DRY-TYPE INSTRUMENT TRANSFORMERS 


FIVE CURRENT TRANSFORMERS were tested, as shown in 
Table 11. These were the first of this type of test on this 
type of equipment, and were taken to obtain a first 
“feel” as to the situation. The results show that the in- 
crease in intensity of corona obtained with voltage in- 
crease on the sample can be relatively slow. Where very 
definite voids can exist, as in the first unit, very high 


values can occur. 


PEST ON DISTRIBUTION TRANSFORMERS 


CORONA TESTS were made on two distribution trans- 


formers of recent manulacture. One was a 25-kva 2,400- 
volt and the other a 25-kva 7,200-volt transformer. These 





Table I. Results of Tests on Voids 


Void Corona 
Thickness, Point, 
inches ky 


Void 
Diar 


inches 


Barrier 
Thickness, 


inches 


I (approximate), 
puuCoulombs 


ter, 


1,400 
5 BOO 
2.200 
1,400 
2,900 
1.400 
2,150 
1.300 
2,600 
715 
715 
700 
715 
data were taken at different 


Where 


times 


more than one value is given 





Table Il, Comparison of Calculated and Actual Corona Points 
Void Thickness, Corona Voltage, ky 


Barrier Thickness, 


inehes inches Caleulated Actual 
19 18 
16 P 15 
bw oe 16,15, 14 
De nas cudep eee 

7.5 . 8 


17, 20 





Ill. Corona Tests on Dry-Type Current Transformers 


Table 


Rating Voltage I. ppeoulombs 


Sample 

...-18 ky start 6,100 

7-9 ky start 130 
5 kv start 

6.5 kv ows 143 
8.2 kv 280 


,200/5 amperes, 15 kv... 
5500/5 amperes, 15 kv 


57 
145 
215 


600/5 amperes, ‘ R60 
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units 


the effect of vacuum 


were tested to demonstrate 


filling on the corona level. The results were obtained on 


the 2,400-volt transformer as shown in Table IV. 








Table IV. Tests on 2,400-Volt Transformer 
Charge QO, 


ipecoulombs 


Voltage 
Applied, kv 


Condition 


Drained for 1 Piskecs 0 
hour and refilled es ain Stars , 1,000 
Beeeceot ; . 715 


BPware dbace ‘ l 
Drained and 7 0 


150 


vacuum filled 9 14% 
15.. rae ite ; 143 
Pavecnees ¢ 148 





Corona tests on the 7,200-volt, 


Table V. 


i4-kv test, unit gave re- 
sults shown in 





Table V. Tests on 7,200-Volt Transformer 


Voltage 
Applied, kv 


Charge /, 
Condition ipeoulombs 


Drained for 1 16 120 
hour and refilled 20 70 
25 xOO 

on 5 1,430 

%4 2 260 

Drained and 20 0 
vacuum filled 25 0 
‘4 150 





The corona discharges with values less than 1,000 
yucoulombs are probably from the leads in the air or 
adjacent ground plates. 

These tests demonstrate that voids due to oil drainage 
can be easily detected, and that vacuum filling is very 


effective in eliminating such voids. 


POWER TRANSFORMER CORONA TESTS 
A 115-KV DELTA-CORE-TYPE 3-phase transformer was 
checked for corona disturbances. Before the tests were 


made, it was conceived that the transformer equivalent 
circuit could be entirely composed of capacitors, as shown 


in Fig. 10, where 





Cas Capacitance of high-voltage bushing 
Chess Capacitance of high-voltage winding at terminal to ground 
Cua Capacitance through high-voltage winding to ground 
Car Capacitance trom high- to low-voltage windings 
Cc; Capacitance of low voltage windings to ground 
Cu Capacitance of low-voltage bushing to ground 
Hy 

alate toe 
Fig. 10. Equivalent CH 4 
capacitance diagram T CHG2 CHGI CHB 
of a_ transformer Xj | [ | | 
winding of one 0 | : it 
phase of a 3-phase CLG C.B | 
core-type trans- * & ] 
former. _ _— . 

H3-Xo 
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H2 Xo 
/\ : 
Sire 
/ \ x 
/ \ x 2 | 
Fig. 11. Transformer 
connections for co- 
rona tests. : } | X3 TANK 
[ CORONA | 
fe DE TECTOR | 
GROUND 








It is clear from this diagram that if there is a disturb 
ance in the high-voltage winding, there will be current 
flow through a number of parallel paths to ground, In 
general, Cy is quite large, and Cyg, 1s also quite large 
Cie., being the series capacitance ol the entire high-volt 
age winding will be somewhat low tor an ordinary core 
type transformer, but may be high for a shell type. Cy, ts 
of special interest, because it may introduce disturbance 
from the low-voltage winding through the capacitance 
from the high- to low-voltage windings. For this type of 
that detection can be deter 


transformer, it is obvious 


mined through the ground connections either through 
the tank as a whole or through the bushing, or the entire 
high-voltage winding. In order to check this, the pulser 
described earlier was connected through a 96.6-yyt capaci 
tor to the tank, and to the terminal of the high-voltage 
winding 

Referring again to Fig. 10, it is seen that disturbances 


from the outside are reduced to those transmitted chiefly 


TRANSFORMER 


TANK 
DISCONNECT : Fig. 12. Connections 
SWITCH , . | for test to determine 
. ¥ ! 2 Lv. woG effect of corona dis 
160 CYCLE INPUT | xenl 2 turbance incoming 
+ QO} j from low-voltage 
. excitation 


i 
| DETECTOR 


through the capacitance from the low- to high-voltage 
windings. Hence, all tests were made with the low-voltage 
winding grounded separately 

rhe following calibration tests were made with con 
nections as shown by Fig. Il: pulser connection on tank 
detector between tank and ground, sensitivity 1.035 milli 
volts per jycoulomb; pulser on /7,, H, connected to tank 
detector between tank and ground, sensitivity 0.88 milli 
volt per wucoulomb; pulser on H,, 1, connected to tank 
tank grounded, detector between bushing tap plug and 
ground, sensitivity 0.34 millivolt per jycoulomb 

Since the quantity of charge added each time from the 
pulser circuit is the same and was known, the relative 
sensitivities give the proportion of charge transmitted to 
the detector circuit in each case. For this particular case, 
it is obvious that the tank and bushing tap plug are 
advantageous points and that the tank is the best 
to check the 


In order transmission of disturbance 





from 





~) 
x 
or 





the low-voltage winding, the incoming lines were excited 
with a disconnect switch in one line and the other line 
connected to a low-voltage bushing, Fig. 12. The disturb- 
ance was seen to be in the order of 40 wucoulombs at the 
equivalent of 100 kv on H,. This means that the sensi 
tivity of the detector should be set to give small deflec 
tions at 40 ywucoulombs, to avoid contusion with incom 
ing disturbances. Inasmuch as corona in oil based on the 
previous test is more severe than this (approximately 
3,000 yucoulombs) and it is nearly all detected if it 
originates in the transformer, this sensitivity should de- 
tect any internal corona in oil. 

Ihe transformer was excited on X,, X, with H, at vari 
ous voltages and HM, grounded, At 65 ky disturbance ap- 
peared, This was measured at the tank to ground, Values 
at 65 kv, 70 kv, and 80 kv were 60, 140, and 200 wucou- 
lombs, respectively, A large ball was added to the top 
of the H, bushing, and the corona level was increased to 
over 120 kv, showing that this disturbance originated at 
the bushing cap 

Tests were made on other units and, disregarding co 
rona below the level of a few hundred yucoulombs, there 
was no corona in the oil. It is to be noted that these tests 
were made at 160 cycles, and the circuit used in the detec 
tor and this frequency combined together tend to elim 
inate disturbances in the shop to levels making it pos 
sible to make these tests 
Caution should be observed in making tests of this na 


he 


ment is normally at ground potential, but if there is a 


ture on high-voltage equipment detection equip 
breakdown to the transformer tank, high transient volt 
ages will exist between the corona detection equipment 
and other grounds 


taken 


Proper precautions in this respect 


can be 


CONCLUSION 


\ crrcurr has been devised which can make quantita 


tive measurements of corona. Some data has been taken 
on the magnitude of disturbances in voids and samples 
relatively 


which indicate that the disturbances are 


\lso 


seem to be 


large disturbances in air in concentrated fields 


low, making discrimination between them 


possible. Tests on equipment have been made confirming 
With 


and internal corona 


these conclusions proper discrimination between 


external corona in au in voids and 
corners under oil, it is possible to make quantitative tests 
on oil-insulated transformers. In addition, such measure 
ments, not previously possible, may be made on capact- 


tors and large capacitances 


Appendix 


Mathematical Analysis of the Detector Circuit 


The circuit is described in several mathematical texts, 
It COM prises two circuits with capacitance, inductance, 
and resistance, with some coupling or mutual inductance, 
If the various constants can be expressed as L,, C,, R, 
and M for the primary, and as L,, C,, R,, and M ton the 


i380 
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secondary, the circuit equation for the current in the 


secondary is 


~E,Mp 


bake — — ey 
[ L.p+ Ri + Gp | [ Lop + Re t+ <> }-™ p" 

For this equation to be valid, the voltage E is consid- 
ered to be a pulse, and to be equivalent to the change 
in potential resulting from the short circuit of a small 
capacitance in series with C,. This, in turn, physically 


results from the increase in capacity in C, due to the 


1 
breakdown of a void. It, in turn, necessitates the defini- 
tion of corona as the instantaneous breakdown of a part 
of the dielectric circuit. 

The solution of the foregoing equation is difficult if the 
resistance is included, However, this equation can be 


transformed to 


E,MC,C.p" 
(LC p* + CRyp + 1) (LCep* + R,Cop + 1) — M®C,C,p* 


C, p 
Iherefore 


~— E,C,Mp* 
(L,Cp® + CRyp +) (LyCop® + ReCyp + 1) — MPC, Cyp' 

LC, is equal to the quantity of electricity in coulombs 
in the primary circuit, and the terms in p, of course, rep- 
resent the damping and oscillatory terms in the solution. 

The solution using typical values has been made, and 
shows that, depending on the secondary resistance, an 
almost instantaneous rise in secondary voltage can occur, 
or that the exponential increase shown can occur, This 
latter occurs when the secondary resistance is low, or 
there is some feedback from an amplifying circuit. In 
this analysis, it will be observed that the magnitude of 
the primary capacitance is not of vital importance. 

In other words, the quantity of electricity in any dis- 
turbance is measured directly, and it is possible to meas- 
ure it even with large values of capacitance. Hence, in 
this application, unlike some others, the measurement of 
the disturbance in capacitors, etc., is possible. Also, con- 
sidering the transformer to be a capacitance only, disturb- 
ances anywhere in its structure will be detected, although 
the sensitivity may be slightly changed depending on its 
location. It is not necessary to consider the changes due 
to oscillations within the winding itself which are of 


much lower frequency. 
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Circuits with D-C Magnetization 


H. L. 


and High Induction 


GARBARINO 


ASSOCIATE MEMBER AIEFE 


the basis of a 


RITERIA have been established, on 
fairly simple theory, for analysis or design of mag- 


netic circuits in which there are an unbalanced or d- 


magnetization and a high alternating induction. High 
values of alternating induction and a nonlinear relation 
between induction B and field strength H are character- 
istics of magnetic circuits in power apparatus, in contrast 
to magnetic circuits in audio components. 

The relation between induction and field strength dur- 
ing cyclic variation is given approximately by the d-« 
circuit. Maximum 


magnetization curve of the magnetic 


and minimum values of induction correspond to maxi 
mum and minimum values of field strength, respectively, 
but the average values of B and H are not simply related 
because of the nonlinearity of the magnetization curve. 

A simple circuit has been devised for obtaining data on 
magnetic-core samples by direct measurement. ‘This cir- 


cuit requires two windings on the test sample and an 
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Fig. 1. Excitation of wound core at 80 kilolines per square inch 
(60 cps) 


auxiliary transformer with two windings having the same 
turns rauio as those on the test sample. Primaries and sec 
ondaries of test sample and auxiliary tanslormer are con- 
nected parallel. An a-c voltage is applied in parallel 
with the primaries; and a d-c voltage is applied in series 
with the secondaries. This arrangement is similar to two 
parallel-connected saturable reactors, Sample character- 
istics, core loss (plus primary copper loss, if appre iable), 
and exciting current may be directly measured with 
meters placed in the primary circuit. 

The significant variables for a core sample subjected to 
essentially sinusoidal flux variation are: the alternating 


component of flux density B, the field strength H4, aver- 
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Fig. 2. 
(60 cps). 


Excitation and gap for wound core—design curves 


aged both in time and in magnitude around the magnetic 
circuit, and the eflective nonmagnetic gap as a percentage 


of magnetic circuit length, Average flux density is not a 


useful parameter and is very difhcult to measure in a 


closed magnetic circuit undergoing cyclic variations. 


Typical test results for one value of alternating flux 


density B and several values of average field strength and 
per cent effective nonmagnetic gap are given in Fig. 1. 
Che sample is a wound-type core of 12-mil grain-oriented 


silicon steel with two butt joints, and weighing 1.5 


pounds, The lower envelope of curves of Fig. | corre 


sponds to the values of gap, at ea h value of field strength, 
which give maximum inductance of a choke or minimum 
exciting current of a transformer. From data similar to 
Fig. 1, design curves have been compiled tor a range of 
flux densities. Fig. 2, for the same core sample, gives ex 
citation (a-c component only) in volt-amperes per pound 
and the gap which yields minimum excitation as fun 
tions of a-c flux density and average field strength. Core 


loss is also a function of these two variables. 


The data on magnetic materials are applicable to re 


actors, and to transformers with unbalanced direct cur 


rent such as those for supplying half-wave rectifiers. 


Analysis of the frequency components aids in understand 
ing the operation of the half-wave supply circuit. Only 
the induced voltage of the primary winding and the aver 


age secondary current affect the magnetic circuit, 
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The Use of SF, for 
High-Power Arc Quenching 


W. M. LEEDS 
FELLOW AIEE 


Because of its electronegative characteristics, 
sulfur hexafluoride gas possesses a phenomenal 
arc-extinguishing ability and high dielectric 
strength. Experimental test data support the 
theory that this gas not only is a better dielectric 
than air at the same pressure, but also can in- 
terrupt the same short-circuit power as com- 
pressed air and at lower blast pressures. 


~y ULFUR HEXAFLUORIDE gas (SF,) has found ap- 
plication not only as an unusually good dielectric 

but also as an exceptionally effective arc-quenching 
medium, Investigation of these properties has resulted in 
development testing involving the interruption of short 
circuit currents far beyond values reported in previous 


papers : 


The are-extinguishing effectiveness of SF, can 
be attributed to its electronegative characteristic, which 
causes it to absorb free electrons in an ionized gas column 
with extreme rapidity 

At the 1956 AIEE Fall General Meeting, C. F. Cromer 
and R. E 


circuit breaker capable of interrupting currents as high 


Friedrich presented a paper! describing an SF, 


as 5,000 amperes at 115 kv. Gas flow through interrupt- 
ing gaps was established by the expansion of gas heated 
by the are at adjacent pressure-generating gaps. In this 
paper, two outstanding experimental prototypes for high 
power are interruption are described, A cross-blast and 
arc-splitter arrangement successfully interrupted currents 
up to 74,000 amperes at 13.2 kv with SF, gas under 60 
psig (pounds per square inch, gauge) pressure blasting to 
The 
eter puller producing gas flow through an orifice in a 


atmosphere other device, with a 10-inch diam- 


totally sealed chamber, was demonstrated to be capable 
of interrupting the full capacity of the test laboratory at 
voltages from 22 kv to 132 kv. Contamination of the gas 
by arcing produced no appreciable loss of dielectric 


strength, and active gas impurities were shown to be 


easily removable. 
PHEORY 


UNDERSTANDING of the fundamental basis for the a-« 


are-quenching effectiveness of SF, gas still lags somewhat 
behind the ability to use it, but significant progress is be- 
ing made in developing an adequate theory. In general, 
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the exceptionally strong tendency for free electrons in 
this gas to be captured to form relatively immobile nega- 
tive ions is believed to underlie its phenomenal ex- 
tinguishing ability as well as its superior dielectric 
strength. Research work® on negative ion formation in 
SF, has been done and is being continued with the aid of 
a mass spectrograph. These studies indicate that electrons 
are captured to form mainly SF, and SF, ions, both of 
which are very massive and, hence, relatively ineflective 
as current carriers, Although electric breakdown and arc 
quenching are both strongly affected by this electron 
trapping, these two phenomena are so different in detail 
that the effects observed are quantitatively quite difler- 
ent. Plain-break contacts drawing 60-cycle arcs in SF, can 
interrupt 100 times as much current as similar arcs drawn 
in air, even though sparking voltages in SF, are only 
about 2.4 times those in air. 

For quenching a-c arcs, the basic requirement of the 
gas medium is not primarily high dielectric strength but 
high rate of recovery of dielectric strength, or in roughly 
equivalent terms, high rate of loss of conductance as the 
alternating current reaches zero and attempts to continue 
in the reverse direction, As suggested originally by A. M. 
Cassie,® this rate of change of conductance can be de- 
scribed in terms of an are column “time constant.” From 
a physical viewpoint, this time constant can be thought 
of as the ratio between a quantity proportional to the 
energy content of the arc column and the rate of. loss of 
energy from the column at a given moment. From the 
electric circuit viewpoint, the critical rate of voltage rise 
across the are gap that will be just sufficient to cause arc 
re-ignition after a current zero can be shown’ to be in- 
versely proportional to the are time constant, 

Means for aiding arc extinction generally serve to in- 
crease the rate of energy loss from the arc column. When 
a gas blast is used, Cassie® has indicated that the energy 
loss can be divided into two main processes: (1) convec- 
tion loss resulting from the deformation or shrinking in 
diameter of the conducting arc path, which occurs in 
rapidly accelerated gas flow; and (2) diffusion loss of heat 
and ionization radially outward from the are column to 
its immediate surroundings. 

As an exploration of comparative arc behavior mainly 
involving the diffusive type of loss, experimental studies 
of the dynamic arc time constants of small d-c plain- 
break arcs in various gases at atmospheric and higher 
pressures have been made in an effort to throw more 
light on the critical quenching processes for higher cur- 
rent a-c ares in gas blasts. Preliminary results have yielded 
striking correlation between the relative values of arc 
ENGINEERING 


Are Quenching ELECTRICAL 





METAL PROBE 


r . = CROSS-BLAST BREAKER 
FOR RESISTOR ONE EXPERIMENTAI arrangement used to explore the 





TEFLON interrupting effectiveness of SF, gas lor large alternating 
/ currents is shown schematically in Fig. |. Three diverging 
arc splitters made of polytetrafluoroethylene (Teflon) 
were mounted above a rectangular gas discharge opening 
supplied from a storage tank through a blast tube pro 
vided with a quick-acting valve. Inverted U-shaped open 
ings in the splitters permitted passage of a heavy copper 


contact into and out of stationary finger contacts. A cop 





per-tungsten-tipped probe and contact was mounted on 








one side of the middle splitter with its exposed tip just 


STATIONARY > MOVABLE above the central opening as shown. A compressed air 
CONTACT _7__ CONTACT mechanism was used to close or withdraw the moving 


t= 


_ 1 —— ome contact. Instantaneous gas pressures within the splitter 





openings were recorded with a telemeter gauge 





The results of one series of tests of this breaker in a 


13.2-kv reactive circuit are plotted in Fig. 2. A noninduc 


GAS BLAST tive resistor of only a few ohms was connected between 


the probe electrode and the stationary contact. With this 
Fig. 1. Schematic section of cross-blast breaker. a 
arrangement, 15,000 amperes could be interrupted with 


only 5 psig gas pressure. With 60 psig pressure, a 74,000 


ampere current was successfuly interrupted This is 


ime constants in air <% SF, ; : : inte , o% 
time constants in air and in SF, and the current inter equivalent to the interruption of 3,000 mva in a 23-k\y 


rupting limits at a given circuit voltage for plain-break 
60 cycle arcs in these two gases. For low-current arcs in 


air, observed time constants are near 100 microseconds, 


TRIP COl 


whereas in SF, they are about | microsecond. CONTACTS PART CURRE NT 
Because of this ability of SF, to respond extremely 

rapidly to changing conditions, the necessary flow-pro- oreciant 

ducing eflort to make the arc diameter follow closely the yin ey 

falling current magnitude as it approaches zero is rela- TRAVEL 

tively so small that the pumps required may be de- 

scribed as mere “puffers.’”’ In certain cases, these can even ile 

be replaced by simple expansion chambers powered only eee One 

by arc heat. Experiments, to be described, illustrate the 

effectiveness of relatively low driving pressures for inte1 

rupting moderate current a-c arcs in SF,. At the highest CURRENT 

currents interrupted, the required flow-producing pres 

sures for arc extinction are only one third to one half 


the values for air. 


ARC CHAMBER 
PRESSURE _ 





Fig. 3. Oscillogram of 74,000-ampere interruption at 13.2 kv 


by cross-blast breaker with resistance shunt 


grounded-neutral 3-phase circuit (or 2,000 mva at 15 ky 


SSURE - 


ungrounded), In the oscillogram of the 74,000-ampere 


. 


test, Fig. 3, the peak gas pressure within the are box is 
shown to have been only 36 psig. 


One of the most striking observations in testing this 


TANK PR 


cross-blast breaker with SF. was the small amount of 


visible flame discharged, compared with the performance 


30 40 50 80 ¢ ; ‘ 
¥ 1000 of such arrangements using compressed air. It may be 
RMS AMPERES noted in Fig. | that no flame suppressors whatsoever wer 


used, and the splitters had a length beyond the are-con 


Fig. 2. Performance of cross-blast breaker with resistance shunt at tacting edge of only 7 inches, In spite ol this construction 


13.2 kv. (O = Successful operations, X = Failures.) no failures ever occurred because of flashover beyond the 
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Fig. 4. Vapor pressure of SFy as a function of temperature 


With air, flashover would occur 
lests with SF,, 


splitters when using SF, 


at a very low power level. not using the 


hunt, were extended to voltages as high as 44 kv inter 


rupting up to 10,000 amperes, still with no external 


flashover, This performance was another demonstration 
ol the extraordinary rate of recovery of dielectric strength 
by SI, gas alter arcing 

Despite the rather amazing performance of this cross 
blast breaker in terms of power interrupted for so small 
an are box, it is evident that such a device, in discharging 
directly to the atmosphere, would be wasteful of the some 
what expensive gas. At a cost of 10 cents a gallon per 
atmosphere pressure, 3-pole operation would involve the 
expenditure of several dollars worth of gas. Also, there 
would be some hazard in disposing of a gas which con 
tains toxic Components alter it is heavily arced, Another 
problem to be considered in connection with the storage 
of SF, at, say, 100 psig, would be the need for a heater on 
the reservoir to avoid liquelaction and loss of pressure if 
the ambient temperature should fall below 0 F. A vapor 
pressure curve for the SF, as a function of temperature is 


hown in Fig, 4 


HIGH-POWER PUFFER BREAKER 


PE DISADVANTAGES Of a breaker blasting to atmosphere 
can be avoided by using a piston to provide gas flow only 
when needed in a completely sealed interrupting cham- 
ber. Studies of SF, interrupters indicate that much lower 
gas flow velocities are required than tor air blast breakers, 
thus making the use of pufler-type designs appear prac 
tical even for fairly high-power arc quenching. Further 
more, the excellent dielectric strength of the gas makes 
it unnecessary to maintain high gas pressures for insu 
lating purposes. This type of interrupting device can be 
simple in design and, since the gas is compressed only 
during interruption, operation is obtained without con- 


The 


section 


densation even at very low ambient temperatures 


test breaker prototype shown in the schematic 


view of Fig. 5 was built to study high-power interruption, 
Phe orifice and the moving contact were both attached 
directly to the puffer piston and moved with it 

90 Leeds, Browne, fi 


Strom 


High-Power Arc Quenching 


A hydraulic mechanism proved particularly well 
adapted for operating this interrupter. A 2,000-psi system 
with a piston-type accumulator for energy storage was 
used, giving adequate driving force with a small operating 
cylinder. Approximately constant speed of the puffer 
could be maintained with this system, providing a 
strong gas blast through the arc even when interrupting 
the higher currents. Typical test results obtained with 
this interrupter are given in Table I. 

Ihe tests, with a few exceptions, were made on un- 
shunted reactive circuits, with rates of rise to over 2,000 
volts per microsecond, It is of interest to note that a 
single break was able to interrupt 7,500 rms symmetrical 
amperes (the maximum available current) at 132 kv even 
when the pressure was reduced to atmospheric in the 
breaker. The maximum available current of approxi- 
mately 17,700 amperes at 66 kv also was interrupted at 
pressures down to 15 psi. In order to raise the current in 
terrupting limit above 25,000 amperes, it was necessary to 
reduce the rate of voltage rise with this interrupter, ‘Tests 
12 and 15 in Table I show that the limit could be raised 
to over 40,000 amperes, with a rate of rise of 300 volts 
per microsecond and a chamber pressure of 45 to 60 psi. 

Tests 16 to 24 show the performance of a modified de 
sign having a slightly larger orifice. It is to be noted that 
with this interrupter the maximum available current of 


22,500 amperes at 44 kv was easily 


interrupted at 2,300 
volts per microsecond rate of rise. At 22 kv, the maximum 
13,000 


also interrupted, with 1,560 volts per microsecond rate of 


available symmetrical current of amperes was 
rise. On the other hand, a repeat test result in a failure 
to interrupt, indicating that a limit had been reached. 
However, since these rates of rise are much higher than 
are usually encountered when interrupting short circuit 
currents of this magnitude, the circuit was shunted in the 
last test of Table I to give a rate of rise that might be ex 
pected per single interrupter break in actual service, At 
11,800 am 


peres was easily accomplished with only one-half cycle of 


260 volts per microsecond, interruption of 


arcing. 
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Fig. 5. Schematic view of puffer-type SF» interrupter 
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SPECIAL PROBLEMS WITH SF 


STUDIES OF DECOMPOSITION of SF 
that such a large amount of arc energy is required to de 


compose a cubic foot of the gas at atmospheric pressure 


that 100 or more high-powe interruptions can be made 


in the gas before even this relatively small volume would 


be dec omposed, 


The gaseous decomposition products are believed to be 


chiefly lower fluorides of sulfur, and are readily removed 
by absorption in activated alumina. The used-up gas may 
then be replaced, but actually the reduction in pressure 
is so negligible that this need seldom be done. For a 1,000 
mva 115-kv SF, breaker filled to 45 psig, it is estimated 
that the absorption of the decomposition products from 
50 interruptions at full-rated short-circuit current of 5,000 
amperes would reduce the chamber pressure by only | psi. 
For the high-power interrupter used to obtain the data of 
‘Table I, it is estimated that over ten 10,000-ampere inter 


ruptions could be made per pound of pressure drop. 





Table I, Test Results with Sealed Puffer-Type Units in SF, Gas 


Rate of 
Rise 


per micro- 


Are Arcing volts 
Test 


Number 


Kilovolts 
(Nominal) 


RMS 


Amperes 


Chamber Time, 


Pressure, psig cycles sccond 


1,840 
» 120 
2,120 
2,120 
» 000 
16,800 ; 900 
17.700 r) 700 
19,500 5 5 140 
21.000 200 
1 600 


I 7RO 
15 } KOO 
0 5 
bo 
> 
11. 2OO oo 


08 
290 


Modified Design arger Orifice 


14 10.500 14 0 
14 16,700 14 0 
14 22 400 i; 0 
22 21.400 4 0.7 

41.200 0 

6.500 

13.500 

1? OOO 

11.400 


Failures 
* Back-up 


Arcing 
breaker 


time limited to ackh-up breaker 


ibnormally close 





One 


pressure-filled gas breaker is to use 


obvious method of the 


operating contacts in a 


the compressed gas 


itself as the energy source. This is generally not practical 


the gas 


in SF, breakers because: first 


pressure is sO low 


that the operating piston becomes large; second, the 


high 


density of SF, five times that of air, reduces the acoustic 


flow velocity to about one half that of air and thus re 


quires large ports and shorter piping; and third, the cost 
of the gas, if exhausted to atmosphere from the operating 


cylinder, would be considerabl \ separate source of 


energy for contact and puffer operation, therefore, seems 


desirable and was used in the breaker prototypes de 


scribed here. 


Inasmuch as the SF. gas should be reasonably pure and 


evacuated and 


from an SF 


dry, circuit-breaker chambers need to be 


then filled to the desired pressure cyl 


VAs 
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from arcing indicate 


matical 


High-Power Ave 


inder. A high vacuum, however, 1s not necessary, because 


a purity of gas of 99°. Is quite satistactory, and an ad 
mixture of dry air up to several per cent can be tolerated 
without appreciable loss of interrupting ability. In case 
to fill 


simply displacing the air, ad 


of necessity, it is possible, though less economical 


a breaker chamber by 


mitting the heavy SF. gas at the bottom of the chamber, 


and venting the air at the top 


Although the unarced SF, is extremely stable and non 


toxic, some decomposition produc ts formed by are Ing are 


toxic, and reasonable care must be exercised in 


servicing 


the breakers. Fortunately, these products have a strong 


odor, giving ample warning of thei presence. The prope 
all ol 


decomposition products, and thus practically eliminate 


use of activated alumina can remove almost these 


any hazard caused by their toxic nature. In addition to 


the active gases, there are also some metallic fluorides 


formed from reaction with the contacts during arcing 


These 


powder throughout the breaker chamber, have high re 


fluorides, which distribute themselves as fine 


sistivity and cause no electrical troubles. They may be 


removed readily during servicing by vacuum cleaning or 
by air blast 


Although this dust is not highly toxic, a dust 


mask is recommended to 


breaket 


curred to personnel during several years of experimenta 


prevent inhaling it during 


servicing. It is of interest that no injury has o¢ 


tion with these breakers. 


CONCLUSIONS 


DHE EXPERIMENTAL TEST DATA vyiven supports the state 


ment that SF 


gas not only is a better dielectric. than air 


at the same pressure, but also can be used to interrupt 


just as high short-circuit power as with compressed an 


and at considerably lower blast pressures 


However, the high cost of SF, compared to air and the 


need for disposing of the discharged gases make its use 


undesirable in blast type breakers exhausting to atmo 
phere. On the other hand, closed systems which are ar 


ranged to pump the eas through the are without noise on 


external demonstration show promising result and 


further development may be expected to yield high-volt 


age breaker designs with moderate to heavy rupturing 


capacity that should be commercially teasible. 


REFERENCES 
! An Investigation of the Arc-Ouenching Behavior of 
H. |. Lingal, A. P. Strom, T. EB. Browne, Jr. AIBI 
a. TEL, 19553, pp. 242-46 


Sulfur 
Transac 


A New High 
|. B. Owens 


Voltage Outdoor Load Inte 
Thid pp my fy 


rrupter 


Interruption of Capacit harging Current 
I. EF. Browne, fr A. P. Stro \lkR 7 
Feb. 1957 section pp 1%% 


A New 115-K 
R. } 


1.000-Miva Gas-Filled Circuit Breaker, ¢ 


Friedrich, Ibi pp. | 
Flectron Attachment in 

tron w.M 
y ol 


Sulfur Hexatiuoride Using Monoener 
Hickam, R. FB. be Journal of Chemual Pi 


1956 p 642 


Conductivit nm Cea 


No. 10 


mt-Are 
m. Paper 


Blast Circuit 


CIGRE, Pari 


Breaker i ae. © 


France, 1956 


A Study of A-C Are Behavior 
Model cr 2 trowne, fi 


Near Current 


AIRE Jrar 


/ero by Means of Mart 
aealions, ol. 6; in 
14) 


; 
MNcnHing 


Ow 





Transfer Function of Contact-Modulated Amplifiers 


ee | 


ASSOCIATI 


KRANTZ 
MEMBER AIBI 


O. M. SALATI 
MEMBER 


R. S. BERKOWITZ 


AIEE ASSOCIATE MEMBER AIEE 


Qt) 


i 





OST, IF NOT ALL, of the 
theory of carrier systems for d- 


amplification has been based on the 
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use of sinusoidal modulators. In gen 
eral, this approach has been adequate 
lor showing the equivalence of such 
systems to direct-coupled systems in 
and transient char- 


many steady-stat 


acteristics. Such analyses are only ap- 
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plicable to contact-modulated systems 


in the broadest sense, however, and 


completely fail to indicate special 


types of transfer functions arising 
g 


from the unique properties of the 
contact modulators 

The amplifier selected for study was a low-level in- 
strument amplifier, a block diagram of which is shown 
in Fig. |. In this configuration, the error signal at point | 
is chopped by the P modulator, producing essentially 
Mquare-wave signals at the input terminals of the a- 
amplifier. The modulated signal is amplified as much as 


The 


low-pass filter restores the signal to its original wave 


10 million times and synchronously demodulated. 


form by removing modulation by-products. A fraction of 
the resulting output signal is fed back to the input for 
gain stabilization 

If the frequency of the input signal is very low com 
pared to the carrier frequency, the system is superficially 
equivalent to a direct-coupled amplifier, For higher fre 
quency input signals, no such simple situation exists and 
families of transter functions must be computed, In gen- 
eral, it was found that the transfer functions are depend 
ent upon the frequency response of the a- amplifier, the 
filter characteristics, and the percentage conduction time 
of the modulators and their relative phasing. The degree 
of asymmetry in each modulator was found to be a par 
ticularly important factor, 

Phe transfer functions specifically studied were those 
of the forward path (point | to the output). This is per- 
missible because of the purely resistive feedback path 
and the well-known relationships between open loop and 
closed-loop frequency response, The characteristics of the 
output filter, although practically of great importance, 
were idealized to focus attention on the combination of 
amplifier and modulators, 

One transfer function of interest is the case where each 
chopper produces ideal square-wave modulation, The 
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Fig. 1. Block diagram of a contact-modulated feedback amplifier. 
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Fig. 2. Forward transfer function with ideal full-wave modulators (phase 
characteristic). 


fundamental chopping frequency is 0,. The phase shift 
between modulators is zero, The a-c amplifier is character- 
ized by a poor low-frequency response because of the 
resistance-capacitance interstage coupling. Its low-fre 
quency gain is down 3 db at frequency W).. 

The amplitude characteristic for this case is essentially 
independent of the signal frequency 0, but strongly de- 
pendent on the a-c amplifier bandwidth. Maximum gain 
is obtained at low values of W,. 

Phe phase characteristic (Fig. 2) plots the phase angle 
of the forward transmission against input signal fre- 
0.5), 
the phase angle is lagging for all signal frequencies. If 


quency. For wide-band a-c amplifiers (w/o, = 0.1 


the bandwidth is narrowed, the phase angle becomes 
positive and increases linearly with signal frequency in 


the region w,/w, = 2. The phase shift to a d-c signal is, 


of course, zero in all cases. 


This is but one of several families of functions ob- 
tained from the study of contact-modulated amplifiers. 
Others, showing the effects of phase shift and asymmetry 


in the modulators, are illustrated in the paper. 
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i HE GAUGING AND ADJUSTMENT of the con- 
tact operate points of the Bell System's wire spring 
relay'* will be 


article. It is clear 


that if relays are to perform their function of mak- 


considered in this 
ing and breaking electric circuits rapidly, reliably, and 
in the proper sequence, it is necessary to specify a range 
or ranges within the armature’s total travel within which 
all the contacts must operate. Presently, the gauging is 
done on a purely “go, no-go” basis using thickness 
gauges to displace the armature to the specified limits, say 
0.007 and 0.016 inch, and then ascertaining the contacts’ 
state, This method provides a satisfactory, but not neces 
sarily optimum, adjustment, 

Ihe armature velocities on the operate stroke for all 
relays of a given code are approximately the same. There- 
fore, it is possible to determine the contact gauging dis 
tance by measuring the time interval between the instant 
of contact operation and the instant that the armature 
reaches the end of its travel, and multiplying this by the 
known armature velocity. Fig. | outlines the operation of 
a developmental dynamic gauging and automatic adjust 
ing device using this idea. The relay under test is elec- 
trically operated. ‘The operation of the individual con- 
tact being gauged opens an electronic gate and allows 
pulsesto pass through to an electronic binary counter un- 
til, at some time later, the armature reaches the end of its 
travel and the gate is closed by a stop pulse. This stop 
pulse is derived by an RC network which differentiates 
the relay coil current, and results from the sharp discon- 
tinuity which occurs in the relay coil current when arma- 
ture motion ceases. The number of pulses registered is a 
measure of the time required for the armature to travel 
through the gauging distance and, therefore, if the cor 
rect pulse source frequency is used, this number of counts 
is a direct indication of the actual gauging distance. The 
interpreting unit compares the number of counts actually 
registered with the number of counts that would have 
been registered had the gauging distance been within es- 
tablished limits. 

The adjustment of the contact operate points is ac 


complished by placing an adjusting bit, Fig. 2, in a slot 


of the supporting member for the center row of contacts 
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Fig. 2 


Experimental gauging and adjusting facility 


and permanently detorming this arm so that the contacts 


assume the new desired position. By controlling the 


length of time that the synchronous motor torque is 
transmitted to the adjusting bit, the permanent deforma 
tion may be accomplished in steps of approximately 0.001 
inch. With this experimental device, it is possible to ad 
just the operate points simultaneously for the two ex 
treme end contacts of the relay to mid-range or optimum 
By virtue of the relay design, if the extreme end contacts 
are adjusted to optimum so will the other contacts be 
near the optimum for most relays. 

he method outlined does not require the precise po 
sitioning of the relay under test relative to a sensing 
device. It does not require any physical loading of the 
armature and, consequently, is a truly dynamic test since 
test conditions are similar to actual field operating con 
ditions. 

Specifically, a new experimental approach to the gaug 
ing and adjusting of relays has been presented, It is ap 
parent, however, that this same general gauging method 
may be applied to the measurement of dimensional 


characteristics in other fields. 
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Current Density and Temperature of High-Current Arcs 
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URING INTERRUPTION of high-current arcs in 
1) circuit breakers and contactors, the region between 
the contacts must be converted from an intensely hot 
conducting medium to a relatively cool insulating med- 
ium. Although the cooling of low-current arcs has been 
explained by means of conduction, free convection, and 
radiation, extension of these mechanisms to relatively 
short (2- to $-inch) high-current arcs accounts for no 
more than 25%, of the total electric energy input. The 
purpose of this article is to present a theory, physical 
picture, and supporting data to explain the cooling proc- 
ess in a high-current (10,000- to 20,000 ampere) tree arc. 

This article depends upon and extends the work of 
two previous articles of this same series on high-current 
arc and interruption phenomena. In the first of these,’ 
are current distribution was measured for the first time, 
revealing both a bell-shaped curve of distribution along 
the radius, and the fact that most of the current flows 
outside of the most highly luminous regions. In the sec- 


ond article, 


contact erosion characteristics of various 


metals were determined, showing that ambient atmos 
phere may be displaced by vaporization of electrode ma- 
terial, 

Phe first step in the present investigation was to verify 
by a new measuring method the earlier current-density 
Phis because the results had 


measurements was done 


been so unexpected and were so basic to the develop- 


ment, In the new method, a tiny window-type air-core 
current transformer was placed in the arc plasma to link 
current. Only one side of the 


a fraction of the total are 


transformer was immersed in the arc, and this was en- 
cased in a thin graphite tube. By positioning the trans- 
former at various radii from the center of the arc, the 
complete distribution of current was obtained. From the 
current distribution, the current density for any given 
radius can be calculated, The current density at the cen 
ter of @ 17,000-ampere arc was found to be 4,000 amperes 
per square centimeter, in good agreement with the previ 
ous measurcments 

Phe next step was that of determining the approximate 


Recent 


matical physics were applied to find a relationship be 


temperature distribution advances in mathe 
tween arc resistivity, temperature, and electron density 
Combining this relationship with the well-established 
Saha's equation which relates temperature to electron 


density, yields a temperature at the center of the are of 
approximately 19,000 K (degrees Kelvin). 

Phis high temperature was the key to the understand- 
ing of the primary mechanism of heat dissipation, At this 
temperature, practically all of the atoms in the arc col 
This 


ionization requires a very large amount of energy. At 
the total 


umn have lost at least one electron, process of 


any one instant, heat and ionization energy 


stored within the current-carrying plasma is only a few 
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per cent of the total electric energy imput in one half 
cycle. However, the electrodes continually are being va- 
porized as jets. This material momentarily becomes 
the arc column and is, therefore, ionized. It is then dis- 
placed by some additional freshly vaporized electrode 
material and is out the 
the arc, carrying the stored ionization § en- 
ergy with it. As an example,’ a 10,000-ampere arc held 
between copper electrodes for 1/120 second will vapor- 


blasted through bounda- 


ries of 


ize about 0.75 grams of copper from two electrodes. To 
heat this 20,000 K as it flows 
through the arc requires 8,500 watt-seconds of energy, 


amount of copper to 
including that necessary lor excitation and ionization, 
For a 2-inch long, 10,000-ampere arc, the total electric 
energy input is about 10,000 watt-seconds. Thus, the pro- 
posed cooling mechanism is of the right.magnitude to 
account for the electric energy input. 

For shorter arcs, it is postulated that some of the vapor 
escapes ionization, and for longer arcs, turbulence draws 
The 
process by which the energy is transferred from the arc 


in some of the surrounding gases for ionization. 


column to the jet column is of the same type as the jet 
mixing studied by aerodynamicists. In the arc, the unique 
features are: (1) a cool jet (3,000 to 5,000 K) flows into 
a hot medium (20,000 K) rather than vice versa and (2) 
high absolute temperatures are involved. It is believed 
that the flow in the mixing region is turbulent and the 
rate of heat transfer is, therefore, very high. 

It is not implied that high erosion of contact material 
is the mark of an efficient interrupter, In using oil, fiber, 
and arc chutes in circuit breakers and contractors, and 
expulsion tubes in fuses, the designer has provided othes 
materials for the arc to vaporize, ionize, and expel im 
the cooling process. With compressed-gas breakers, the 
vaporization is not needed to produce the mass flow, but 
the cooling is again accomplished by heating, ionizing, 
and removing gas. 

Iwo of the aims of this series of investigations are to 
clarify physical pictures and to obtain basic data which 
can be used in applying basic thermodynamic and fluid 
flow equations, together with computers, in developing 
and designing the various types of circuit interrupters. 
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Early Electrical Machines 


BERN 


This is the fifth article of a series on pioneering 

investigations in electrical science. Some further 

history on the development of the lightning rod 

is given along with an account of the Van 

Marum machine, the largest electrostatic gen- 
erator built in the 18th Century. 


N ENGLAND, the 


periments were generally unsuccessful because of the 


efforts to repeat Franklin’s ex 
infrequency of thunderstorms and the relatively high 
July 21, 1752, 


ceed in drawing a half-inch spark which he distinctly 


humidity. However, Canton on did suc 
saw. Watson repeated the lightning rod experiment and 
reported its results to the Royal Society in December 
1752. In Russia, Professor G. W 


physicist of the Imperial Academy of St 


Richmann, a Swedish 
Petersburg, in 
attempting to duplicate the experiment of Dalibard, was 
killed on August 6, 1753, when lightning struck his ap 
paratus which was not grounded. A spark nearly a foot 
long leaped from the insulated rod to his head. He thus 
became the first martyr in the new science 

This unfortunate occurrence did not prevent the Rus 
sian scientist Prince Gallitzin from undertaking an exten- 


sive study of atmospheric electricity beginning in 1775. 


Using a kite, he concluded that some electricity was pres 


ent in the atmosphere at all times and in any kind of 
weather conditions. 

What was intended by Franklin to be a confirmation 
of the hypothesis of the identity of electricity and light 
ning provided mankind with the lightning rod, a device 
for avoiding the destructive results of lightning strokes, 
and considered one of the important inventions of the 
1700s 

While the “Philadelphia experiment’ —the 


term used 


for testing Franklin’s lightning rod—was being tried in 
England and on the continent, Franklin provided an 
other experimental proof as to the similarity of electricity 


The 


exact date of the experiment itself has not been estab 


and lightning. This was the famous kite experiment 


lished with certainty; it probably was made some time in 
June 1752 and, chronologically, it followed Dalibard’s 
erection of the lightning rod, which Franklin also de 
vised. An account of the kite experiment was published 
1752 


from 


in London in December At this same time (June or 
July Franklin's 


pointed rods for lightning protection had already been 


1752), we learn later reports, 


erected at the Academy (now the University of Pennsyl 


vania) and the State House in Philadelphia. Franklin's 


Partial text of Early Electrical Machines published by the Burnds 


Library 
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own Philadelphia house was protected by a rod in Sep 
that 1782 over 


structures in Philadelphia. 


tember olf year. By 100 rods protected 


Franklin's own first recommendations for the construc 
tion of lightning rods were published in the issue of 
Richard’s Almanack” for the 1753. In the 20 


years lollowing his proposal for the use of lightning rods, 


“Poor yeal 
Franklin observed trom London in 1772 that in addition 


to the many installations in America during those 20 
years, such rods had been erected in London and in coun 
try places on homes, private and public buildings, powder 
magazines, churches, palaces, and on ships’ masts. ‘The 
first of these was by William Watson in 1762 on his Lon 
don home 

Phe installations were not made without resistance to 
the idea of interfering with the ways of nature or divine 
controversy as to the best method of 


will, nor without 


terminating the top of the rod, Some objected to a 
pointed tip, preferring a knob, thereby forgetting Frank 
lin’s main claim as to the advantage of a pointed tip in 
silently drawing off and dissipating a lightning charge 
Those who objected to points did so for the reason that 
points would tend to draw lightning to the location be 
ing protected, thereby endangering it. In Bologna, the 
electrical experimenter Giuseppe Verratti erected a light 
ning rod, but was met by strong antagonism trom the 
XIV 


a letter advocating the use of lightni 


local populace The Pope, Benedict thereupon 


wrot rods, but 


1g 
this helped Verratti little, and the project was aban 
doned 

In 1782, the magazine of Fort Malaga in Sumatra, con 
taining 400 barrels of gunpowder, was struck by lightning 
and exploded. Lightning rods which had earlier been in 
stalled there, had been ordered removed by the Council 
of the East India Company, on advice given them that 
lightning rods were not a protection but a danger 
De Saussure investigated the reason for the immunity en 
joyed by the ancient cathedral at Geneva, a stone struc 
three 
had 


He tound the wood tower 


ture with central tower built of wood, which, for 


centuries before it was fitted with lightning rods 
suffered no lightning damage 
completely covered with tinned iron plate which was con 
nected to ground by several tron structural paths 

\ strong supporter of Franklin and popularizer of his 
theories was Joseph Priestley (1733-1804), possessor of a 
restless and universal mind, He was a schoolmaster neat 
Leeds when he first experimented with an electrical ma 
chine. He became acquainted with Franklin, Watson, 
Canton, and other electricians and in 1767 he published 
his first book, an exhaustive work on electricity, in two 
volumes which he had produced in quite a short time 


With help and encouragement from his contemporarics 
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Fig. 1. Martinus van Marum. 


he reviewed the current theories of the nature of elec 


tricity, suggested lines of further investigation and de- 
scribed the electrical machines and allied apparatus, He 
detailed his own electrical experiments which had won 
him membership in the Royal Society the year belore. 
In these and in subsequent experiments, he had noted 
the strength of the air currents accompanying an elec 
trical discharge from the points of charged conductors, 


candle, He 


conductors 


cnough to blow out a included carbon, dry 


ice, and red hot glass among and he at 


tempted to prove by experiment that electrical attraction 
and repulsion obeyed the inverse 


Franklin's experiment of observing no effect on a pair of 


square law. He re peated 


pith balls hung within a charged metal container, In his 


book 


he explained the rings, later known as “Priestley’s 


that were formed by an electrical discharge on a 


metallic surface. He proposed an explanation for the 
oscillatory character of the discharge trom a Leydew jar. 
Priestley, in his book, considered Franklin's lightning 
clectricity similitude “the greatest, perhaps, that has been 
made in the whole compass of philosophy since the time 
ol Sn Newton.” 

In 1756, Franklin Royal 


Society in recognition of his electrical contributions, and 


Isaac 
was clected a Fellow otf the 


in England and France, as in the United States, he be- 


It was the 
Franklin by the 


came one of the most popular men of his time 


French statesman ‘Turgot who lauded 


phrase to be forever related to him: “Eripuit coelo ful 
men, sceptrumque tirannis” (He snatched lightning from 
the sky and the scepter from the tyrant) 

\lways eager to turn a new phenome non of nature to 
sick, 
flocked to Franklin for clectrical treatment 
all the shock ol 


through the three 


the cure of the many rheumatics and paralytics 
He gave them 
dosage—the two six-gallon 


affected 


same jars 


limb, times a day—noted an 
improvement during the first few days (which he ascribed 
to the activity of the travel and treatment) and a relapse 
alter five days 
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We read with pleasure the words sent by Franklin, 
among the foremost of those who lit the electric torch 
that has illuminated the world in the last two centuries, 
to his friend Collinson on April 29, 1749: “Chagrined a 


little that we have been hitherto able to produce nothing 


in this way of use to mankind; and the hot weather com- 
ing on, when electrical experiments are not so agreeable, 
it is proposed to put an end to them for this season, some- 
what humorously, in a party of pleasure, on the banks of 
the Skuylkil. Spirits, at the same time, are to be fired by 
a spark sent from side to side through the river, without 
any other conductor than the water; an experiment which 
we some time since performed, to the amazement of 
many. A turkey is to be killed for our dinner by the 
‘electrical shock,’ and roasted by the ‘electrical jack,’ be- 
fire kindled by 
healths of all the famous electricians in England, Hol 


fore a the ‘electrified bottle:’ when the 


land, France, and Germany are to be drank in ‘electrified 
bumpers,’ under the discharge of guns from the ‘electrical 
battery’.”” The electric jack mentioned by Franklin was 


a wooden disc pivoted horizontally, having insulated 


brass thimbles around its edge which successively 
touched the terminals of a charged Leyden jar, and being 
repelled, caused the disc to turn, A fowl placed on the 


vertical shalt of the disc would thus be properly roasted. 
THE 


VAN MARUM MACHINE 


‘THE ELECTRICAL MACHINE which is best known for its 
impressive size, history, and magnificent workmanship is 
the Van Marum machine, finished in April 1784 for the 
Feyler Museum in Haarlem, Holland. In a paper on the 
Franklin theory written by Dr, Martinus Marum 
(1750-1837), he stated that he had built 


“for the purpose ol observing some phenomena on a 


van 
this machine 
large scale by means of the electrical non-equilibrium, 
and thereby the means necessary to discover and investi 
gate their nature.”’ This machine, having the largest glass 
disc plates ever used, was constructed by the English in 
strument maker Amstei 
dam. Di 


chief 


John Cuthbertson working in 
Marum 
experimenter of the 
The 


from funds left by the Haarlem merchant, Peter 


van was the director, librarian, and 


Teyler Museum which he 


served for 60 years. museum had been established 
leyle 
van der Hulst, upon his death in 1778. Born in Delft and 
a graduate in medicine and botany in Groningen in 1773, 
Van Marum practiced in Haarlem but turned to general 
science four years later. 

The rotating elements of the huge machine (Fig. 2) 
consist of two glass discs, each 65 inches in diameter, 
mounted on a single, yard-long axle and spaced 714 
inches apart. They are rotated by compound cranks with 
positions for two operators (for long experiments, four 
operators), working simultaneously. Crank and axle are 
connected through a universal joint. The machine and 
experiments made with it were well described in a two- 


book Van 
French with a parallel translation in Dutch. The difh 


volume written by Marum and issued in 


culty of making such large plates was multiplied by the 
need to mount them on equally large glass, and therefore 
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Fig. 2. The Van Marum electrical machine—1784. 


fragile, columns serving as insulators for the apparatus. 
In addition to the eight rubbing pads of waxed taffeta, 
the machine had collecting metal combs which came to 
11% inches from the inner glass disc surfaces. The receiv- 
ing standard, shown on the top of the standard at the 
right in Fig. 2, terminated in two spheres one foot in 
diameter. 

Auxiliary apparatus to serve the machine included a 
group of seven cylindrical conductors of brightly polished 
brass, having spherical ends; of these, five rested on glass 
columns set on wooden pedestals. After many trials, the 
most effective amalgam for treating the rubbing pads was 
determined to consist of two parts mercury, one part tin, 
one part zinc, and one-quarter part, by weight, of mosaic 
gold. In 1789, Cuthbertson completed a battery of 25 
giant Leyden jars each 50 cm (20 inches) high. All the 
inner leads were connected through brass rods to a large 
raised central sphere and this was topped by a Henley 
quadrant electrometer, There was an additional battery 
consisting of nine units of 15 jars each, forming an as 
sembly of 135 jars, connected in multiple and providing 
a condenser surface of 103 square feet. Four batteries of 
Leyden jars were available to Van Marum at the Teyler 
Museum. 

With this equipment, Van Marum drew sparks two 
feet long and affected an electrometer placed 40 feet from 
the machine. He conducted many tests in the fusion of 
metal wires, all of an equal length and a diameter of 1/32 
inch and observed the effect of the battery discharge on 
different metals and alloys. These experiments led him to 
conclude that copper was the best material, and lead the 
poorest, for use as a material for lightning conductors. 
Based on his experiments, he recommended that the use 
of iron or brass chains (then most commonly used) for 
lightning conductors on ships should be replaced by cop- 


per rod, or copper chain with few links and a weight at 


the chain’s end to force good contact between the links 
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Up to that time, the largest machine that had been 
constructed was that of Edward Nairne (1726-1806), of 
London, who had assembled a glass cylinder 18 inches in 
diameter to a crank and frame. This drew the longest 
sparks that had yet been drawn trom any electrical ma 
chine. Nairne had also been able to melt iron wire of a 
diameter of 1/151 inch and of a length of three feet nine 
inches with the use of 50 square feet of condenser surlace, 
the longest such wire yet melted. Van Marum repeated 
the experiment with his great machine and was able to 
melt 15 feet of such wire. 

lo study the eflects of discharges of the machine on 
magnetic bodies, Van Marum invited Jan H, van Swin 
den, professor of physics at the Athenaeum at Amster 
made such studies but 


dam, who, in 1776, had already 


whose equipment was too limited in strength, Together 
they subjected magnetic iron and steel bars of several di 
mensions, compass needles, watchsprings and loadstones 
to electric discharge. Some were unmagnetized, some 
partially magnetized and others were strongly magnetized 
Compass needles were permitted to point in their normal 
positions before the discharge was made through them, 
others were placed in a reverse position, still others were 
pointed vertically. All showed the magnetic influence of 
an electric discharge through them, even to the reversing 
of the magnetic poles of a magnet. 

When the experimenters placed some iron and steel 
bars in a position perpendicular to the line of electric 
discharge, they were surprised to find the resulting mag 
netic strength stronger than when the bars were placed 
in the lineal direction of the discharge, a phenomenon 
already noted by Beccaria, This result was so unexpected 
and difficult to explain that they repeated it many times 
and always attained the same results. The phenomenon 
therefore remained as stated in the report, but without 


K 


explanation. Although this occurred 35 years before 


Oecersted’s discovery in 1820 (the presence of a magnetic 
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field about a wire carrying a voltaic current), it becomes 
even more surprising that this interrelation should have 
remained unobserved and unexplained by the many in 
vestigators during this long and active period 

Io test his theory that earthquakes might be of elec 
trical origin, Van Marum arranged two wooden planks 
with a thin layer of between them, On the 


wate! upper 


plank he represented buildings by means of wooden 


blocks. He 


through the 


then discharged his machine and battery 


layer of water and watched the violent up 


heaval that caused the blocks to tumble. With this ap 
paratus, he was also able to melt gold leaf and a length 
of iron wire 1/40th inch in diameter and six inches long. 
A discharge through a cylinder of wood three inches in 
diameter and three inches long was calculated to have 
had a bursting force of over 5,500 pounds, 

With so powerful a generator, Van Marum could also 


observe the branchings and ramifications between the 


massive electrodes, and he tried to relate the direction olf 
the branchings to whether the electrode was positive o1 
negative, and thereby to confirm Franklin's one-fluid 
theory. Van Marum prepared a sketch of such a spark 
and visited Franklin in Passy with it. Although the visit 
was on the eve of his return to America, Franklin care- 
fully examined Van Marum’s sketch, posed some ques- 
tions and then stated, “This then proves my theory of a 
simple electric fluid, and it is now high time to reject the 
theory of two sorts of fluids.”” Volta, to whom Van Marum 
had sent reports of his experiments, was equally strong 


in recognizing the “prool,” the afirmation of the unitary 
theory. 

(The final installment in this series will appear in the 
October issue. It will carry an account of the develop- 
ment of electrical instruments and the contributions of 
Alessandro Volta whose voltaic pile or direct-current 


electric battery initiated a new era in electric science.) 





Recommended Grounding Practices 
for Single Polarity D-C Structures 


ATE! 


General principles and recommendations for 
grounding apparatus and supporting structures 
in d-c substations where one polarity is ground- 
ed are discussed in this report. Observing these 
suggestions should result in maximum safety to 


personnel and equipment. 


UBS! 


electrical circuits are 


VTION GROUNDING PRACTICES 9 on 


well standardized tor the differ 


ent ac and dec services. However, grounding prac 


tices for other material in a substation such as switch 


boards UP pPOrting structures, transformer cases, and ma 


chine frames do not seem to be as well publicized It is 


the purpose of this report to discuss the general prin 


ciples involved and recommended guides for grounding 
practic 5 
Grounding practice of structure for a-c and d-c services 


are necessarily quite different. This is particularly true if 


one polarity of the d-c circuit is grounded, As one op 


erator stated: “We would like to house the two d- polari 


ties in separate buildings if we could,” This attitude may 
be more readily appreciated when the differences in in 


terrupting a and «d-c arcs are considered. In interrupt 


mg a the voltage and current waves naturally ZO 


through zero at the rate of twice per cycle. To sustain the 
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ac arc, the path must break down again as the voltage 


increases trom zero. The current in the d-c arc does not 


go through zero naturally but must be forced to zero by 
building up an are voltage to a value higher than that of 


the service voltage, The are energies are, therefore, much 


higher for interrupting d-c than for a-c. This results in 


the production of many, many times the volume of 


ionized gas. Again, for a given electrical circuit of the 


same voltage, the fault current is usually lower for a- 


than for d-c. The temperature effects from high current 


arcs are more damaging than those resulting trom low 


v 
1g 


current arcs. Because the ionized gases are highly conduc- 


tive, special attention must be paid to de-ionizing the gas 
path quickly and to guiding the gas away from conduc- 


tors of the OPPoOsile polarity into areas where they can 


do no harm. This ts particularly true of cases where 


breakers are metal-enclosed and used on circuits where 


one polarity is grounded, Handling of the from 


breakei 


made on the basis that such faults are expected 


vases 
as designs are 
\ccl 


dents as described in the appendix occasionally occur 


interruptions is relatively easy 


Recommended Grounding Practices 
ATEE 
Technical Operations 
Mont 
AIFF 


Essentially full text of paper 57-719 
recommended by the 
ATEF 
AIFF Summer General Meeting 
Scheduled for 


for Single Polarity Direct Current Structures 


Committee on Substations and approved by the 
Department for presentation at the 
real, Que Canada, June 24-28, 1957 


Power 
M. } 


nan of the 


publication tn 


{pparatus and Systems, 1957 


Reagan Westinghouse chair 


ATEI 


Electric Corp., East Pittsburgh, Pa., is 


Conversion Substation Subcommittee 


Grounding Practices ELECTRICAL ENGINEERING 





inside the cubicle but apart from the breaker. No ad- 
vance notice is given as to the nature of the fault. Many 
types of accidents may occur which can cause the ioniza 
tion to start. Some of them are mentioned in the case 
histories detailed in the Appendix. 

Grounding one polarity of d-c circuits is standard prac- 
tice on railway and mining* systems and sometimes used 
on the heavy type industrial installations such as steel 
mills. Even electrochemical potlines are sometimes 
grounded at their mid-point, and seem always to have 
enough leakage to be troublesome. Services such as the 
250-volt, low capacity, d-c light industrial systems serving 
general purpose loads, cranes, lighting, battery charging, 
and similar services have no intentional ground connec 
tions and use a breaker pole in each polarity. Even these 
systems may use some form of ground detection so that 
an accidental ground may be located and removed be- 
fore a second one may occur on the opposite polarity and 
cause a short circuit. 

In order to minimize the danger to personnel and 
equipment, all railway control switchboards built up to 
and through the 1920's were mounted on wood sills and 
had insulators in the wall supports. The panels were 
made of marble, slate, or ebony asbestos and mounted 
with iron pipe or angle iron supports, A publication of 
that era stated: “All d-c switchboards for circuits having 
one side connected directly to ground, for example, a 
railway switchboard, should have cases, frames, and asso- 
ciated structures insulated from ground. In general, they 
should be grounded for other d-c switchboards, In mixed 
switchboards, for example, one having both a-c and rail- 
way panels, a literal interpretation of the safety code re 
quires that the a-c panel frames and associated structures 
be grounded and the d-c panel frames and associated 
structures be insulated.” Although there was no mention 
of voltage, it became common practice to apply these 
rules to 300 volts d-c and above. 

In the early 1950's, steel structures and steel switch 
boards gradually replaced the insulating panels. As a re 
sult, the circuit breakers were separately mounted, and 
were either metal-enclosed or of the modern drawout 
type. The metal-enclosed and drawout types made care- 
ful gas-handling imperative as one polarity (the circuit 
interrupter) would be entirely surrounded by the other 
polarity (the grounded framework) with its constant in- 
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vitation to short-circuit. These changes have brought 


forward suggestions that the structures be insulated on 
grounded electrical d-c circuits as low as 250 volts, This 
would extend the practice to all of the coal-mining*® and 
a portion of the heavy duty steel mill services. ‘This is a 
reasonable conclusion also as all of the elements are pres- 
ent to cause trouble and increase the hazard to personnel 
and equipment. Faults inside of such structures are of an 
accidental nature and, therefore, cannot be predicted, 
Ihe various types of accidental faults can perhaps be best 
understood by recalling a few of the experiences in the 
past on each of the four classes of services. ‘These in- 
stances are typical of the types of failures encountered 


and are listed in the Appendix, 


BASIC RULES 


IN APPLYING the recommended grounding scheme to d-¢ 


services, several basic rules suggest themselves: 


1. Minimize the exposure area of nearby points of op- 
posite polarity as much as possible. 

2. Co-ordinate the clearance distance between points 
of opposite polarities with the value of fault current so 
that the are will not be self-sustaining 

5. Use 


tenance personnel, 


rubber mats to protect the operating and main- 


This exposure to danger can occur 


ue 
only during the few cycles that separate the application of 
the fault and opening of the isolating circuit breakers. 
Chere is no possibility of building up static charges on 
the structures as they are grounded at all times through 
the operating coil of relay No. 64. 

1. Minimize the exposure particularly on the load side 
of the interrupter in order to reduce the probability of a 
fault being sustained by voltage from another substation. 

5. Review the design of the distribution system to as- 
fault 
allowances 
the 


sure that a at the most remote point of a feeder 


(with for arc-drops and contact resistances) 


will operate overcurrent tripping element of the 


breaker 
6. Where it is 


mended clearance dimensions, special precautions must 


necessary to use closer than recom- 
be taken to guide the ionized gases from circuit inter 
ruption to areas where they cannot contact points of op- 
posite polarity 

7. Keep sources of any other a-c or d-c potentials out of 
steel enclosures as much as possible, 

8. When the potential leads of foregoing point 7 must 
be located within the cubicle, insulating covers over the 


terminals should be used. 


Fig. | shows a single line diagram of a rectifier unit 
with all of the necessary switching devices, some of which 
are not used in all applications. The table in Fig. | shows 
the usual breaker application in the various industries 
With the exception of the ac breaker No. 52, all other 
breakers and their structures must be considered when 
grounding practices are being determined, The rectifier 
frame or housing, 


exchanger must also be examined for maximum safety 


the auxiliary control cabinet, and heat 
Grounding practices on rotating machine frames must 
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necessarily vary with the type of machine. The frame of 
a synchronous converter may be insulated by setting on a 
sufficient thickness of dry concrete and then grounding in 
the recommended manner through a relatively high re 
sistance ground protective relay No, 64. In the case of 
motor-generator sets with a common frame, the a-c volt- 
age of the motor may determine that high resistance 
grounding of the frame is undesirable, Ground protective 
relays, operating from an impulse coil in the machine 
ground lead, have been successfully applied. 

Fig. 2 is a schematic sketch showing the connection of 


The 


latter is felt to be necessary inasmuch as the protective 


the ground relay No. 64 with a supervision circuit 


circuit may be made inoperative by either an open cir- 
The 


loss ol 


cuit or by having its coil short circuited alarm 


sounds in either case and also in case of its a 


supply. The supervision circuit also means that there is a 
small d-c voltage on the structure at all times. This volt 
age should be low enough to prevent any hazardous shock 
to personnel, Voltages of the order of 35-40 volts are in 


common use today. The operation of relay No, 64, in ad 
dition to initiating alarms, must initiate tripping of all 


fault. Relay No. 


64X (the supervision relay) should, as well as relay No, 


circuit breakers necessary to isolate the 


64, operate a local alarm and, when remote indication is 


used, should also operate remote visible and audible 


I hie 
should be maintained until the initiating fault has been 
1 he 
insulating mats should be 
Remot 


alarms remote visible indication and the local alarm 


corrected maintained local alarm and the use of the 


covered by mandatory rules 


alarms are strongly recommended. All alarms 
must be investigated promptly and the causes corrected 
In unattended stations with supervisory control, the su 
pervising relay should be used to notily the power dis 
patcher that the ground protective system is inoperative 

Rectified a-c is used for the supervision energy supply. 


I he 


down to obtain trom 


insulating transformer steps the service voltage 


$5 to 40 volts d-c. The ground con 


order that the actual circuits to 


normally energized and held in the operated position, It 


nections are made in 


ground be supervised supervision relay No, 64% is 


will de-energize if (a) the a-c service is lost, (b) an a-c fuse 


operates, (C) an open circuit develops in the d-c super 
vision circuit, or (cd) if a short circuit around its operating 
coil should develop, Relay No, 64 operates only when the 
power circuit accidentally connects to the grounding bus 

Fig. 3 gives approximate dimensions below which d-« 
arcs of low amperages will not extinguish at several volt 


The 


drawn is based on a series ol 


from which these curves 


They 


use over a 


information were 


apes 


laboratory tests con 
successtul 


The 


terminals of circuit 


tain a fair factor of safety as then 


long period of time would imply use of enough 


clearance on the load side breakers is 


especially recommended tnasmuch as the small arc may 


be supported by voltage from some other substation, 


Phese curves show that, lor 10 amperes fault current, the 
clearance dimensions between positive and 
should exceed 6 inches for 300 volts, II 


700 volts 


negative 
500 
that 
reduced as the ground relay coil 


inches for 


volts, and 15 inches tor They also show 


the clearances may be 


800 
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2. Schematic diagram of connections for ground protective relay 
64 with supervision relay No. 64X. 


resistance is increased to limit the fault current to a value 
less than 10 amperes. 


HIGH RESISTANCE GROUND SAFER 


ONCE IN A WHILE, the argument is advanced that a 
cubicle which is “‘solidly’’ grounded must be safer to per- 
sonnel than one that is grounded through a high resist- 
ance.” This is true for high voltage a-c circuits as ex 
plained in AIEE Report No, 953, October 1956. Many 
years of operating experience have shown the opposite to 
be true lor single-polarity d-c circuits. High currents have 
injured many persons on d-c although high voltage 
is relatively safe. Physical danger to personnel may be 
caused by: (a) high enough voltage to cramp the muscles 
making it impossible for the victim to free himself; (b) 
blindness caused by heavy-current flash; (c) clothing igni 
tion caused by a heavy-current flash; (d) consequential 
damage such as broken bones and bruises caused by 
sudden release of energy or muscle reaction which causes 
the victim to strike other objects; and (e) flying objects 
such as glass resulting from an electrical “explosion” 


within electrical devices (relays and instruments). 


300 VOLTS 


7 8 9 10 I 12 13 i4 
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Fig. 3. Guide for clearance distances for apparatus which may remain 
energized after relay No. 64 has operated. 
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When a fault occurs, the cubicle with a grounding re 
sistance will be raised to the full system voltage above 
ground for the few cycles that it takes to trip the isolat 
ing circuit breakers. The man who might be connecting 
the cubicle to a grounded conduit, for example, would be 
subject to injury as described in foregoing points (a) and 
(d), but not as stated in (b), (c), and (e). However, the 
chances of his being connected to the two polarities are 
small, particularly if the use of rubber mats is followed. 
In case the cubicle is “solidly” grounded, the man would 
be subjected to all five of the hypothetical dangers, al- 
though (a) would be a much lower voltage. The voltage 
of (a) under this condition would be the voltage drop in 
the ground lead at the reduced system voltage unde 
short-circuit current conditions. As a result, records show 
many severe injuries to men caused by faults in the 
“solidly” grounded cubicles and no injuries from those 
installations where resistance grounding curbs the cu 
rent flow to a low value. 

Although there are very few installations of this type 
made in outdoor housings, it is felt that conditions can 
vary in such great degrees that the application of the 
grounding rules must be decided in the light of local 
conditions. In general, it is felt that outdoor housings 
should be as “‘solidly’’ grounded as possible. This would 
indicate a strong reason for locating all d-c gear indoors 


SUMMARY 


THE FOLLOWING CONCLUSIONS are strongly recom 


mended: 


1. That 


circuits be (1) insulated from ground and (2) grounded 


metallic structures of d-c power and control 
through a relatively high resistance ground relay No, 64 
when (a) the rated d-c voltage is 275* and above (optional 
on lower d-c voltages) and (b) when one polarity of the 
d-c circuit is grounded, 

2. That some of the normally ungrounded (not put 
posely grounded) d-c systems be considered as grounded 
when local operating conditions make it difhicult to keep 
the circuitry free from grounds. The degree of these 
grounds (resistance value) must be such as to limit fault 
currents to a value considered safe to personnel and 
equipment. 

3. That the ground protective relay circuit be con 
tinuously supervised by a relay No. 64X. 

1. That the operation of relay No. 64 initiate tripping 
That 
the operation of relay No, 64X as well as that of relay 
No. 64 initiate 


tion 1s 


of all circuit breakers necessary to isolate the fault. 


a local alarm, and, when remote indica 


used, also initiate remote visible and audible 


That the 
alarm be maintained until the initiating fault has been 


alarms. remote visible alarm and the local 


corrected. That the maintained local alarm and the use 
of insulating mats be covered by mandatory rules. 


Recommendations for grounding metal structures sur- 
rounding single-polarity, d-c circuits are different than 
those for surrounding ungrounded d-c or a-c systems. For 
more than 50 years, it has been common practice to in 
sulate the surrounding structures of d-c apparatus (300 
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volts and above) where one polarity is grounded and 
switching is done only on the opposite polarity. When 
the electrical system is ungrounded, two pole circuit 
breakers are used and the surrounding structures are 
grounded as explained in Chapter Il of AIEE Report No. 
953 October 1956. Case histories show that danger to pet 
sonnel results from high currents rather than high volt- 


age. 


Appendix 


RAILWAY SERVICE CASE HISTORIES 


1,200-1,500 and 3,000-5,500 


volt d-c railway operations, The 600-750 volt class covers 


‘THIS SERVICE covers 600-750, 


the city traction and many of the interurban systems. Al 
though these services were very numerous in the past, 
many have since ceased to exist. There are several semi 
heavy traction systems in service using the 1,200-1,500 volt 
equipment, The 3,000-volt applications are limited to the 
duty of which there are several in this 


heavy traction 


country and many in foreign countries. As previously 
mentioned, the application rules of insulating the sur- 
rounding structures have been recognized for many years 


but occasionally the rules are either forgotten or ignored. 


Case R. 1 ° 


ice had drawout, metal enclosed cathode breakers 


Three rectifiers on 650-volt city traction serv- 
The 
cells were solidly grounded to the building steel in the 
basement of a downtown office building. The operator 
was in the process of putting one of the rectifiers in serv 
ice. Standing on insulated floor covering, he was closing 
the cathode breaker and looking at the d-c ammeter lo 
cated directly in front of him. The slight mechanical jaa 
accompanying the closing of the breaker dislodged a 
sliver of steel that someone had accidentally left on top 
of the cubicle. In falling, the sliver connected one of the 
d-c ammeter shunt leads to the grounded steel cubicle, 
causing a direct short circuit. The ionized gases from the 


vaporized sliver connected the main bus to the cubicle 
with several thousand amperes flowing which destroyed 
not only its own housing but the adjacent ones. But, of a 
more serious nature, the ammeter exploded in the opera 
tor’s face. Fortunately, his eye-glasses saved him trom 
serious injury, Some of the tie-leeders connecting this bus 
to other d-c substations did not draw enough current to 
trip the breakers and the fire could have caused great 
damage and panic in the office building, had not the par- 
tially blinded operator had the presence of mind to run 
the length of the feeder board and trip each breaker by 
hand. The units affected were out of operation for several 
wecks. All of this damage would have been avoided if the 
original recommendations of insulating the cells and 


grounding them through a relatively high resistance 


ground protective relay (No. 64) had been followed, The 
units would have been taken out of service with no dam- 
age to equipment or personnel. The resistance of the 
relay (No, 64) coil would have limited the fault current 
to a very low amperage and tripped all of the necessary 
breakers to completely isolate the fault. The ammeter 
harmed. The service would have 


would not have been 
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been interrupted for a few minutes only when all ap- 


paratus could be restored to service. 


Case RB: On a heavy-duty d-c feeder of a substation 
serving a heavy third-rail traction system, a maintenance 
man was checking the tightness of studs on terminal 
blocks and other connections on the rear while the panel 
equipment was in service, His screw driver slipped and 
caused a short-circuit. The hot, ionized gases quickly con- 
nected the 650-volt power conductors to the solidly 
grounded angle-iron framework, The large flash blinded 
the man and set fire to his clothing. Only fast work on 
the part of another employee saved his life. The equip 
ment and connections on the rear of the panel were badly 
damaged and the feeder could not be returned to service 
for several weeks, The damage to both the men and the 
equipment would have been avoided had the framework 
been isolated from ground 


RC: A 


substation 


Case feeder panel in a metropolitan traction 


was installed in such a manner that some 
grounded conduit was run directly over and too ciose to 
the top of the d-c breaker are-chute, In opening a par- 
ticularly heavy short-circuit, ionized gases connected from 
the breaker contacts to the grounded conduit resulting 
in great damage to both. In addition, the arc flowed to 
the rear of the panel and traveled along the positive d- 


bus, damaging several other feeders. 
RD: In a 4,000-volt 


pedestal mounted d-c breakers were used. The supporting 


Case heavy traction d-c substation, 
structures of the breakers were made of angle-iron which 
was, unfortunately, solidly grounded. The control panel 
frame. The con- 


was mounted on the side of the breaker 


duit for the control wiring came out of floor and 
pointed toward the rear of the control panel, and more 
or less at the breaker, During a period of some very hot, 
humid weather, a short circuit developed inside the con- 
duit buried in the concrete floor, The hot gases shot from 
the end of the conduit like a gun aimed at the breaker 
and control, ‘The breaker insulation was bridged result- 
ing in a complete burn-up of the breaker and control, 
This loss of equipment and service could have been com- 
pletely avoided by insulating the breaker framework from 


ground. 
Case RE In a the 


d-c switchgear was metal enclosed, An instantaneous, sen 


600-volt heavy traction substation, 
sitive, low resistance type ground relay and d-c lightning 
arresters were included, The purchaser did not connect 


either the ground relay or the lightning arresters, al 
though both were on hand when the equipment was put 
into service. The enclosure was grounded solidly. 

During an electrical storm, lightning struck the d- 
distribution system near the station, causing a flashover 
inside the gear, 

Considerable damage was done by the power current 
that followed the flashover. The switchgear was repaired, 
but the user again neglected to connect either the ar- 
the ground relay which were still on hand in 


the 


resters o1 
the 
switchgear was again damaged severely when the station 


substation, During another electrical storm, 


was struck by lightning. 
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After the switchgear was repaired the second time, the 
user installed the arresters and the ground relay. During 
a subsequent electrical storm, the station was struck 
again. The ground relay tripped all breakers and cleared 
the station with only minor damage at the point where 
the flashover occurred, Although the low resistance 
ground relay actually limited the damage, there would 
have been no damage at all if a high resistance type relay 
had been used. 

Case RF: The rectifier auxiliary cabinet usually houses 
the “firing” circuits and apparatus which is fed by an 
untfused rectifier positive conductor, Several cases have 
been reported when faults within the cabinet result in 
complete destruction caused by solidly grounding the 
cabinet. Present recommendations call for the inclusion 
of this cabinet in the group which is insulated from 
ground and grounded through the operating coil of re- 


lay No. 64. 
MINING SERVICE CASE HISTORIES 


Tuts servick® covers rather small, usually 300- and 500- 
kw, conversion units of both 275- and 550-volt classes. 
Here again, all of the dangerous elements are present for 
causing damage to personnel and equipment. It is like- 
wise recommended that the surrounding structures be in- 
sulated from ground and then be connected to ground by 
a relatively high resistance ground relay, This should be 
recommended for both the stationary and portable types 
of equipment. 

Case MA: A portable 275-volt rectifier substation with 
a drawout-type cathode breaker was in operation in an 
“entry’’ room within a coal mine. Some foreign object 
or animal such as a mouse or snake short circuited the 
insulator that separated the live and dead parts of the 
breaker, resulting in the destruction of the breaker. This 
could have been avoided if the car had been insulated 
from ground and then grounded through a relatively 
high resistance ground protective relay, 

Case MB: On a portable mining unit, the slow accumu- 
lation of potash dust with moisture short circuited an 
insulator which produced a d-c short circuit on 275-volt 
service. Because it was on the load side of the breaker and 
the current flow was not enough to trip the remote 
breaker, the d-c breaker was destroyed. Again this could 
have been avoided if the rules had been followed. 


HEAVY INDUSTRIAL SERVICE CASE HISTORIES 


Tue MAjority of this class of equipment is ungrounded 
and use 2-pole breakers—a pole in each polarity, Ground 
detectors are employed and, when such grounds are de- 
tected, they are quickly located and eliminated from the 
system before a ground can develop on the opposite 
polarity by the probability law. Where single-pole break- 
ers are employed on a grounded system, each ground ap- 
pearing on the ungrounded conductor results in a short 
circuit. There are some systems which employ only single- 
pole breakers in one polarity on ungrounded systems. In 
this case automatic ground detection with alarms and im- 
mediate investigation is indicated. 
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Case IA: In a rectifier station for 250-volt d-c un- 


grounded heavy duty industrial service, the switchgear 
enclosure was solidly grounded. A short-circuit between 
opposite polarities and both polarities and 
ground caused the feeder breaker to trip. It so happened 


between 


that an electrician was standing in front of the breaket 
unit at the time. He immediately reclosed the breaker by 
its control switch. The breaker, reclosing on a solid short 
circuit and ground, went through a trip-free operation, 
but, because of the accumulation of hot gases from the 
immediately preceding high current interruption, there 
was a flashover from a portion of the breaker frame to the 
grounded metal enclosure which burned a hole about 
four inches in diameter into the side sheet. The accumu 


lated blew unit 


through the hole, permitting the current to arc to the 


pressure hot gases into the adjacent 
breaker in that unit (which at that time was of the op- 
still 
cuited). Damage was limited to the hole in the side sheet 


posite polarity because the feeder was short-cit 
and some minor burning of the breaker frames. If the 
metal enclosure had been grounded through a high re 
sistance ground relay, no damage would have been done. 


ELECTROCHEMICAL SERVICE CASE HISTORIES 


IN POTLINE SERVICE for reduction of aluminum and 
magnesium or producing such products as chlorine etc., 
large d-c energies were used. Gas-driven engines with d- 
generators are paralleled when the fuel supply is ade 
quate and the least expensive. Rectifiers are used in the 
greater percentage of installations. The d-c voltages used 
go as high as 1,000 volts, although the vast majority use 
voltages of 600 to 800 volts. Depending on the design of 
the “pots,” the currents employed have reached a peak of 
more than 125,000 amperes. However, the potline design 
calls for many “pots” being connected in series and cover- 
ing several acres of territory, This fact, with other condi 
tions, makes for frequent accidental grounds on one of 
the two polarities. There is a leakage all along the length 


of the average potline which varies from 50 to 500 am- 


peres. Constant supervision discloses any low resistance 
grounds which are eliminated as quickly as possible. Ad 
ditional hazards are present because the potline cells can 
feed energy into faults after the power feed circuits have 
been interrupted. 


Case EA: Betore the facts of potline leakages were re 
alized, such loads were considered as ungrounded. As a re 
sult, the structures surrounding the d-c structures and in 
terrupters were solidly grounded. In one large installa 
tion, two rectifier cathode breakers were badly damaged 
when ionized gas paths became established between the 
breakers and the grounded cells, Ultimate tests showed 
that a low resistance ground path existed all along the 
cell line where concrete reinforcement rods had been con 
tacting the pots because of a misunderstanding on the 
part of the installation contractor, Test grounding of the 
potline positive conductor showed currents im excess of 
10,000 amperes 


“solidly grounded.” Inasmuch as it is felt that even 50 


lo all intents and purposes, the line was 


amperes leakage is quite dangerous, present recommenda 
tions call for treating electrochemical potlines as though 
their circuits were grounded, 


All of the cases cited thus far have been examples of 
damage caused by not following these guides. Many case 
histories could also be compiled to show the huge ben 
fits that achieved by the 


Where 


been properly made, an accidental ground operates the 


have been observing recom 


mended grounding guides the installations have 


g 
ground protective relay which trips those breakers neces 


sary to isolate the fault. No burning of equipment or 
harm to personnel results and the equipment may be re 
This 
type of fault is limited to very small currents, It is untor 
that all 


similar manne? 


stored to normal service with a minimum olf delay 


tunate electrical faults cannot be limited in a 


cided 


structures on coal 
local 


is right 


grounding of 
finally in view of 
recommended practice 
in a clean, dry 
troversial 


mining 
conditions, The 
when the 
Grounding condition 


must be «ce 
feels that thi 
substation equipment is installed 


equipments 
committec 


room in coal mines remain a con 


subject 





Plastic Fume 


This fume duct system designed to handle wet sulphur 
dioxide and H,SO, fumes resulting from metal finishing 
operations, is one of the largest fume duct exhaust sys 
tems ever produced, It is large enough so that two men 
could easily crawl through side by side, strong enough to 
be virtually self-supporting, and resistant enough to 
chemical corrosion so that it outlasts stainless steel three 
to one, 

This fume duct was installed at a cost said to be well 
below that of other corrosion resistant materials, Service 
life expectancy is claimed to be substantially greates 
than for stainless steel according to an announcement by 
Haveg Industries, Inc, of Wilmington, Del., manufac 
turers of the duct. 
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Closed-Loop Frequency Response of Nonlinear Systems 


KATSUHIKO OGATA 


ASSOCIATE 


HEN A NONLINEAR feedback control system 
W includes saturation, the output of the system may 
oscillate with either the input frequency or the 1/n order 
subharmonic of the input frequency, where n is a positive 
integer greater than |, When the frequency ol the output 
is 1/n times that of the input, the output oscillation is 
The 


possibility of the occurrence of pure subharmonic oscilla- 


called the 1/n order pure subharmonic oscillation 
tions as the response of a nonlinear feedback control sys 
tem may be predicted from an accurate closed loop at- 
tenuation—trequency curve for a given input amplitude 
Phat is, if the maximum ratio of the system output ampli 


} db 


, there is a possibility that the output of the sys 


tude to the system input amplitude is large (about 


or more) 


tem may oscillate ith a subharmonic olf the input fre 


quency However, if the maximum ratio of the output 


amplitude to the input amplitude is small (about 2 db or 


less), the possibility of the occurrence of pure subhar 


monic oscillations is very small, if any. Because of the 


fact that the wave form of the output of a nonlinear ele 
ment is often extremely nonsinusoidal and it is difficult, 
in general, to handle nonlinear differential equations, 
graphical techniques are usually employed for finding the 
closed-loop frequency response of nonlinear feedback 
control systems 

finding the 
teedback 


This method employs the periodic 


An analytic method tor closed loop fre- 


quency response of nonlinear control systems 


has bee NH che veloped 


response Lunction defined herein as the Laplace trans 


form of the steady-state wave form of the output of a 


nonlinear clement when the input to that element is 


periodic The main difference between the analytic 


method and the well-known describing-function method 
is that the former takes the effects of all or most of the 
higher harmonic components of the nonsinusoidal output 
of the nonlinear element into account for finding the sys 


tem output, whil the latter takes only the fundamental 


| mit) | K 
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Fig. 1. Block diagram of second-order feedback control system 
with on—off nonlinearity and ovtpuyt wave form of nonlinear 


element. 


Ovata 
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harmonic component of the nonsinusoidal output of the 
nonlinear element into consideration. The closed-loop 
the 


method are accurate and may be used for predicting the 


frequency response curves obtained by analytic 
possibility of the occurrence ol subharmonic oscillations. 

The analytic frequency-response solutions of the sec- 
ond-order feedback control systems may be shown with 
(1) saturation nonlinearity, (2) on-off nonlinearity, (3) 
on-off and dead-zone nonlinearity, and (4) saturation and 
dead-zone nonlinearity. 

Closed-loop attenuation-frequency and phase-frequency 
characteristics for the systems mentioned may be ob 
tained by merely substituting system constants and input 
amplitudes into corresponding equations. The present 
analytic method is also applicable to nonlinear higher- 
order feedback control systems. 

As an example, consider the second-order feedback 
control system with on-off nonlinearity shown in Fig. 1. 
Phe output of the nonlinear element is a square wave. 
Ihe analytic frequency-response solution for this system 


may be written as follows: 


Xu 


2Tw 


180°( 4 lo In cosh _™ )— sins" ( x — tanh_* ) 
A 2 / @ A 2Tw 2Tw 


where 


mi 
0 2Tw 


the amplitude of the system output 


KM,1 


In cosh 


— tanh 


the phase lag of the system output 
the gain of the linear element 
the maximum output of the nonlinear element 


the time constant of the linear element 


the amplitude of the system input 


the frequency of the output 


Inasmuch as the equations for finding the closed-loop 
frequency response of feedback control systems with on 
off nonlinearities are not considered very complicated, 


it may be concluded that the method described may 


be used most advantageously for finding the closed-loop 
frequency response ¢ haracteristics of the feedback control 


systems having on-off nonlinearities or “high degree” 


saturation nonlinearities. 


Digest of paper 57-634, “An Analytic Method for Finding the Closed-Loop 
Frequency Response of Nonlinear Feedback Control Systems, recom 
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Economic Aspects of D-C Power 


LS 


Transmission 


HOLM 
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_ Sppemecons PION of the possibilities presented by 
d-c power transmission is increasing both in this 
country and aboard, Economic considerations will ulti- 
mately determine the choice of the type of current. 

A number of overhead a-c power-transmission systems 
have been designed. Their capital cost includes the cost 
of the transmission line, with the intermediate substa- 
tions, and of the terminal substations. A number of d« 
power-transmission systems have then been designed, 
both overhead and underground, transmitting the same 
blocks of power over the same distances as the a-c sys- 
tems. Their capital costs include the cost of the transmis- 
sion line itself and of incomplete terminal substations; 
i.e., the substations at both ends include the transformers 
for electronic converters, the synchronous condensers re 
quired for operation of inverters, and the harmonic wave 
filters, but they do not include the rectifiers and inverter 
themselves. ‘The cost of d-c systems is represented in per 
cent of the cost of corresponding a-c systems. The per-cent 
difference in the capital costs of identical systems repre- 
sents the part of the total cost available for the electronic 
converters, if the cost of the two systems is to be equal. 

The systems studied transmit from 50,000 to 800,000 
kw over the distances of 50 to 500 miles. The a-c and 
d-c systems are designed for as identical security and 
reliability conditions as are compatible with the char- 
acteristics of the two types of systems.’ The a-c systems 
have a minimum of two circuits. They are designed for 
transient stability, with a loss of a circuit or a section of 
it. The d-c systems are designed for a loss of an entire cir- 
cuit in case of a fault. They are constant-potential sys- 
tems, and have either two conductors with midpoint 
grounded, or are single-conductor ground-return undet 
ground systems. The two-conductor underground systems 
with midpoint grounded are designed for the ratio k of 
direct to alternating voltage to ground equal to 3.0, 4.5, 
and 6.0, and the single-conductor ground returns are de- 
5.0. 


All costs are either for the same year, or reduced to the 


signed only for k 


same year, Fig. | gives the cost of a-c overhead systems 
under- 
k = 3.0; 
6.0), and d-c underground 


(curve 1,) d-c overhead systems (curve 2), d« 
ground midpoint grounded systems (curve 3, 
curve 4, k = 4.5; curve 5, k 
single-conductor systems (curve 6, k = 3.0), for systems 
transmitting up to 250,000 kw. With the increase in the 
block of power beyond 250,000 kw and with the increase 
in the length of the transmission line, the money avail- 
able for the converters also increases. When the cost of 
converters is known, it is possible to determine whether 
d-c transmission is economical and, if so, to what extent. 

The underground cable is the logical means for trans- 
mitting d-c power. However, with present costs of cable, 
the overhead transmission gives greater economies. The 
cost of the underground systems decreases as k increases. 
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Fig. 1. 
cost of electronic converters, in per cent of the capital cost 


Capital cost of d-c transmission systems, less the 


of a-c overhead systems. Power transmitted: 50,000, 100,. 
000, and 250,000 kw. 


The 


than the 2-conductor midpoint grounded when both sys 


single-conductor ground-return system is cheaper 


tems are designed at same values of k. Should it be pos 
sible to lower the cost of power and signal cables and 
their accessories, the underground systems will become 
uniformly more economical than the overhead d-c sys 
tems. If the design of the d-c systems is made on a differ 
ent basis than that requiring strict similarity with safety 
and reliability conditions of the a-c systems, the cost of 
d-c systems could be further reduced. ; 

When existing overhead a-c lines are converted to d« 
operation, the choice of k and the number of circuits pet 
tower has a major effect on the economics of conversion 
and the cost of power transmitted, greater than in the 
newly built overhead d-c systems, 
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INS TTT TE. Barty tice 


Site for new United Engineering Center 


Obtained Near United Nations Headquarters 


PURCHASE by the United Engineering 
20 W oth Se of 37,500 
feet of property on the west side of 
First Ave. between ft i7th and I iBth 


Street ata 


Iru tcecs Inc 
qpiiare 
price of “approximately $2.7 
million W at 
W. J. Barrett, president of the 

The site 


on the west side of 


announced on July 31 by 
I rustees 
block 


Avenue 


includes the entire front 


First between 
7th and*48th St., and extends back from 
First Ave. for 150 feet on fF 7th St., and 
for 225 feet on I ith St [his section 


of First Ave is now the United Nations 


Plaza 


— / 








EAST 48th STREET 





UNITED 


ENGINEERING 
CENTER 

















litle to the principal part of the 
taken by United Engineering 
on July 31. Included is the 
portion owned by the Carey Garage Corp 
with 
iKth St.. and a vacant lot at the corner of 
First Ave. and E. 47th St. of which P. W. 
Kuhn was the owner. 


prop 
erty was 
Trustees, Inc 
entrance on E 


containing a garage 


from the 849 
parking lot 


Previously acquired First 


Ave, Corp. was a facing the 
United Nations Plaza, and a five-story 
building at 344 FE ith St. 


Wallace Carter of New York, 


tenement 
owned by 


N.Y 








EAST 47th STREET 
PARK 


CARNEGIE 
FOUNDATION 








A SITE for the new 
United 
Center has been pur- 
chased by the United 
Engineering Trustees, 
Inc., on First Ave. 
between E. 47th and 
E. 48th Streets in 
New York City. 


Engineering 


U.N. HEADQUARTERS 





All negotiations were made _ through 
Cross and Brown Co., 270 Madison Ave 
New York City 

United 
established in 1904 and is the corporation 


Engineering Trustees, Inc., was 
in which five national engineering societies 
will now be associated in the development 
of the new property 

AIEE; the 


Engineers; 


societies are the 

of = Civil 
Mining 

Engineers; 


I hese 
American Society 
Institute of Metallurgi 
Petroleum 

Mechanical 
American Institute of Chemical Engineers 
More 


of the world are 


American 
cal and American 
Society of Engineers; and the 


than 175,000 engineers in all parts 
members of the five engi 
neering groups 


For 51 


tees, Ine 


United Engineering Trus 
has owned and occupied its 16 
story Center on W. 39th St. The structure 
1906 by a gift of $1,050,000 


Carnegie * to 


years 


was built in 
from the late Andrew 
promote the solidarity of the engineering 
profession.” 

Mr. Barrett said that the basic 
of the United 
advance the 


purpose 
Engineering Trustees, Ine 
is to engineering arts and 


sciences in all their branches. He added 


that the 
first step in plans which the 


purchase of the new site is “the 
Trustees are 
formulating to meet a need for the expan 
sion of the Center's activities.” 

In addition to Mr. Barrett 
United 
WwW. F 


and Andrew 


officers of the 
Engineering Trustees, Ine are 
Thompson of New Haven, Conn 
Fletcher of New York City 
vice presidents; J. L. Kopf of New York 
City, treasurer, and S. W. Marras of New 


York City, secretary. 





Members and Guests Enjoy 


Summer General Meeting in Montreal 


members, their 


ittended the 


APPROXIMATELY 2,200 
wives, children, and guest 
Summer General Meeting of the AIEF held 
Jurme 42 1%) ut the Sheraton Mount 
Royal Hotel Montreal Ove Canada 
Registration of 1200 
Included 


tudent 


member exceeded 
among the ue were the first 
District Stu 


priv winner ot the 


dent Prize Paper Competition held during 


viministrative year 


the past 


\nnouncement was made at the Annual 
Meeting held Monday 
election ofl W | barrett 
with the New 


president of 


afternoon of the 
transmission 
haintenance chymect 
Bell Telephone 
the AIKE tor the 1957 


yeat 


Jersey 
Company is 
administrative 
Announcement also was made of the 


election of five vice-presidents, three di 


rectors mnt a treasure! For biographical 


S06 


sketches of the newly elected officers see the 
April 1957 issue of Electrical Engineering 


vidress before the meeting, the 


president M.S 


sived that future progress in electrical engi 


In his 


outgoing Cooveli empha 


necring rests with young engineers who, 
associated with their elders in the Institute 
ill be in) better position to assimilate to 
day’s achievements and continue to develop 
techniques which will be of universal 
benefit 

One of Mi 
the presentation of the 1956 Lamme Medal 
to Dr. H. H 
search and development, RCA Communica 
trons Inc and Radio 
Research Laboratory of RCA Laboratories 
As the 20th Lamme Medalist, Di 


for his pioneering and out 


Coover's last official acts was 


Beverage, vice-president, re 


director of the 


Beverage 
was cited 
achievements in the 


standing conception 


Institute Activities 


and application of principles basic to prog 


ress in national and world-wide radio 
communications.” 

Four proposed Constitutional amend 
ments were approved by the membership at 
the meeting 

The Institute also awarded honorary 
membership to D. A 
retary of Defense. Mr 


president of the AIEE. 


Quarles, Deputy Sec 


Quarles was 1952-53 


Inspection Trips 
During the meeting there were inspection 
trips to Hydro-Quebec’s Bersimis project 
located on the north shore of the St. Law 
River where 150,000-hp, 120,000-kva 


hydroelectric generating 


rence 
units are being 
$00-kyv Bout 
Montreal tet 


installed, to Hydro-Ouebec’s 


de L'ile plant which is the 
minal of the Bersimis power development 


and a tour of the company’s microwave 
system built to provide private communica 
tion facilities between Hydro-Quebec’s 
Montreal and two of the 
Beau 


and the large switch 


headquarters in 


world’s great power developments 


harnois and Bersimis 
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ing station at Charlesbourg, near Quebec 
City. Other inspection trips were made to 
the Montreal Locomotive Works Ltd., the 
St. Lawrence Seaway construction area, the 
Shawinigan Water and Power Company's 
Sorel 
downstream from Montreal, and the Que 
Pitanium 


Terminal Station located 45 miles 
bec Iron and 
smelter plant 
the Canadian Broadcasting Corporation 
(CBC) Building to view the CBC 
casting facilities 


Corporation’s 
local visit was also paid to 


broad 


Technical Sessions 


During the meeting, 274 papers were pre- 
sented covering more than 50 engineering 
fields of activity 

Radio Communications Systems. 8. Bon- 
neville, of the Bell Telephone Company of 
Canada, Montreal, Que 
ing use of 


, reported the grow 
radar for defense as well as 
aeronautical and meteorological purposes 
has necessitated serious considerations of 
possible interference to microwave systems 
carrying telephone and television signals 
In his paper, “The Canadian 
tinental System,” the 
pointed out that 


lranscon 
Microwave author 
although the band in 
which radar systems operate is outside that 
used by telephone common carriers, “side 
mode and radiation results in 


interference in the common 


harmonic 
carrier bands.” 
Ihe National Research Council in Ottawa 
and the Bell Telephone Laboratories in the 
United States, he reported, have carried out 
extensive tests to determine the extent of 
the interference problem 
Othe 

Microwave 


papers included “Light-Route 
Systems in Canada,” by A. J 
Dinnin of the Bell Telephone Company of 
Canada; “A Canadian Point of View on 
Radio Frequency Spectrum Management,” 
by C. M. Brant of the Department of Trans 
port, Montreal, Que. 
Textile Industry 


neering developments in the 


Recent electrical engi 
textile in 
dustry were reviewed in a series of eight 
technical papers and a panel discussion 
Papers included “Process Instrumentation 
from Spinning to Finishing,” by J. C. Lang 
lois, Honeywell Controls, Ltd.; “Adjustable 
Frequency Drives,” by A. T. Bacheler and 
Cc. G. Hemlick, Electric 
Corp.; “D-€ Drives—A 
Prelude to Forsberg, 
Canadian General Electric Co.; “Wire and 
Textile Industry,” by G. ¢ 
Northern Electric Co., Ltd.; and 
“Electronic Controls as Applied to Process 
Instrumentation,” by A. D. Entwistle, Du 
Pont of Canada, Ltd. (Electrical Engineer 
ing, August 1957, pp. 674-76) 

Magnetic Amplifiers. W. R. Seegmiller, of 
the General Electric ¢ ompany, Schenectady, 


Westinghouse 
Adjustable Speed 
Automation,” by G 


Cable in the 
Stinson, 


N. Y., described the development of a high 
frequency 4,700 cps magnetic servo ampli 
fier used to drive a 400 cps servo motor for 
military 
miller’s paper, 


aircraft applications. Mr. Seeg 
“High Frequency Magnetic 
Servo Amplifier for Airborne Control Sys 


tems,” was a partial report’ on a general 


development of high frequency 


magnetic 
amplifiers for airborne control systems. The 
reduction of size and weight of equipment 
is a primary concern in the development of 
modern military aircraft 

R. J. Distler and C,. Sturzenbecker, of the 
Bell Telephone Laboratories, Inc ce 
scribed in their paper, “A Magnetic ‘ 
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OUTGOING PRESIDENT M. S. Coover (left) congratulates Or. H. H. Beverage (center), winner of 
the Lamme Medal which was presented during the AIEE Summer General Meeting, as newly 
elected AIEE President W. J. Barrett (right) observes. 


Overload 
advantages of the new 


plifier Current Protec 
tion Circuit,” the 
protective circuits 

Other 
ally Regulated Reference 
R. A. Raber, 
‘A Fast-Response, 


Amplifier,” G } 


Voltage 


papers read included “Magnetic 
Powe! Supply 
General Electric Company 
Full-Wave Magnetic 
Lynn, Westinghouse 
Electric Corporation and “Differential 
Magnetic Multivibrators,” C. H. R, Camp 
ling, Queen's University 

Computing Devices. A streamlining op 
eration on the electronic brains that de 
fend the skies over the United States was 
described by J]. J. Gano, of J. J] 
Associates, Cambridge, Mass., in his paper 
*The Elimination of Motor Generator Sets 


Gano & 


as Transient Buffers for sace Computers 
Simplification of the computer setup is 


accomplished by substituting on-the-spot 
generation of electric power instead of re 
lying on outside power, the voltage of which 
regulated by motor 


must be closely 


generators before being fed to the com 


puters. Mr. Gano said that the simpler 
power supply will result in approximately 
one computer error in two years, about the 
same as with the use of motor-generators 


W. |. Canty in 
Setting Up a saci 


his paper, “Experience in 


Prototype Computer 

reported that extensive tests of a SAGHK sys 
tem prototype show it has a demonstrated 
reliability of 87° 
installation is significantly larger and more 
other The prototype 
XD-/, has been in 


stalled in an experimental air defense sys 


although this type of 


complex than any 
computer, designated 
tem as a means of gaining experience in the 
solution of problems peculiar to a system 
of this magnitude and complexity 
Insulated Conductors, Despite years of 
research, some early practices of electrical 
engineers will continue to be useful for 
Bennett, of Dusseb 


Crayford, Kent, Eng 


years to come, G. FE 
Bros. and Co., Lid 

land, predicted in his paper “Paper Cable 
and Selec 
In spite of the 


Saturants, European Preferences 
tion.” Mr. Bennett stated 


vast amount of research which has been 
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carried out in more recent years on plastics 


and rubber, which materials are finding 
increasing use for low and medium voltage 
cable insulation, the oil impregnated paper 
dielectrics remain without rival, both from 
the technical and commercial aspects, for 
the insulation of high voltage cables 

An extraordinary feat of cable laying in 
the St. Lawrence River to make Quebec 
hydroelectric power available to the Gaspé 
Peninsula was described in a paper, “St 
River High Voltage 
Cable Crossing,” by D. M. Farnham, § 
Cunha, G. B. Shanklin, and H. D. Short 


This engineering accomplishment involved 


Lawrence Submarine 


10 nautical miles of cable at depths up to 
100 fathoms in a location with tides of 12 
feet and more, strong directional currents 
and severe weather and sea conditions, The 
cables in the St. Lawrence 
69,000 volts weigh 972 090 


pounds, including 1,350,786 


transmitting 
powell at 
pounds ol cop 
per, 2,555,100 pounds of lead and 1,666,204 
pounds of aluminum 
Research. H. P. Seelye 
the Edison Institute (REL) Re 


Committes told a sym 


consultant for 
Flectri« 
search Projects 


posium on research that 763 research 
projects many of them ot a major nature, 
are now in progress. His paper Edison 
Electric Institute Survey of Research Proj 
ects of the Electric Utility Industry con 
tained the results of a survey mace 
the 175 


utilities which are members of FEI 


among 
privately owned and operated 

Wire Communications. A new era in in 
tercontinental telephony has been opened 
with the recent inauguration of the trans 
telephone cable, W. 1 Bloecker 


Caldwell reported in their paper 


atlantu 

and G. A 
The Work of the International 
Field of Tel 
infercontinental 


lelecom 
munication Union in the 
Although 


telephone service has been available for 40 


phony radio 


years, it was pointed out, the upsurge in 
trathe which followed the placing in sery 
ice of the Transatlantic Cable has made it 
evident that a new era in intercontinental 


telephony has been born. It is going to be 
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necessary that the objectives in transmis 
sion design, and in the operation of sys 
tems of telephony be made compatible to 
the degree that the advantages offered by 
these intercontinental circuits are fully 
utilized in the interest of better commu 
nications, This can be done only by world 
wide recognition of the importance of good 
objectives in the design of all national net 
vorks which will be practical to intercon 
nect 

C. L, Roach of the Bell Telephone Com 
pany of Canada, in his paper “Structural 
and Electrical Co-ordination in Canada,” 
called for greater 


Canadian utility organizations because of 


co-ordination between 
the increasing widespread use of Canadian 
power and communication facilities, 
Radio and Television Broadcasting. |. EB 
Hayes in his paper, fhe Development of 
lelevision in Canada reported that 65% 
of all Canadian families now own tele 
vision receiving sets and in some densely 
populated areas the percentage is as high 
is BOY Although the first television sta 
tions went on the air in 1952, the response 
has been so great that there are now 59 
which eight are CRC 


privately operated, CHC 


stations, of owned 


and $1 operates 


two television network services, one in 
French, the other in English, At present it 
has about 2,000 miles of microwave net 
works in operation and when this service 
is completed the networks will 
total 4,000 miles 


Other 


microwave 


papers included Ihe Canadian 
Corporation's Radio Service 
in Canada by N. R, Olding, 
Broadcasting Corp.; “Current 
IV Lighting and TV Lighting Controls,” 
by H. More, Klieg! Bros., 
tric Stage Lighting Co., Inc.; and “A Com 


jroadcasting 
Canadian 


Practices in 
Universal Elec 


bining Filter to Allow Simultaneous Trans 


mission trom a Antenna of Two 


Single 
Complete ‘Television Stations Operating on 
Different Channels,” by G. B. Mac Kimmie, 
RCA-Victor Co., Ltd 

Hagerstown Educational Television Proj 
ect. The education potential of television 
was the theme of tour papers presented in 
a session describing a closed circuit tele 
school system at 
Kraus ol Jerrold 
Philadelphia, Pa 


noted that 6,000 pupils now use the system 


Vision installation in the 
Hagerstown, Md. M. H 


kKlectronics ¢ orporation 


and eventually all 48 schools in Washington 


County, Md., which has 18,000 pupils, will 
be encompassed by the system 

In another paper, “Pioneering in Tele- 
vised Education,” by J. R. Brugger, a mem- 
ber of the Hagerstown Board of Education, 
it was pointed out that the television sys- 
tem by September 1957 will include addi- 
tion of 6,000 square feet of operating space, 
in addition to the 5,000 already in use; a 
total of 5 live video studios; 6 operating 
channels, 5 of which are for live use; 21 
clementary schools and 2 high schools re- 
ceiving an aggregate of 27 lessons daily on 
approximately 510 television sets; partici 
pation of approximately 12,000 students in 
direct and supplemental instruction pro 
The text of this paper appears in 
this issue, pp. 763-67 

Other papers on the subject were: “Es 
tablishing and Equipping the Hagerstown 
Educational Television Project,” by L. L. 
Lewis, Radio Corporation of America; and 
“Closed-Circuit Network for Educational 
lelevision,” by W. C. Warman, the Chesa 
Telephone Co 
Problems of radiation control in 


g 
grams 


peake & Potomac 

Safety 
the operation of a nuclear reactor was the 
theme of a paper by R. M. ‘Taylor entitled 
Medical Radiation Hazard 
Control in a Power Reactor Installation.” 


Aspects ol 


Dr. Taylor stated that there are two main 
types of radiation damage—individual or 
somatic damage and genetic damage “To 
reduce genetic damage, it is recommended 
that the individual exposed to radiation 
should not receive more than 50 roentgens 
by the age of 30 and not more than an addi 
tional 50 roentgens by the age of 40. The 
population dose should not exceed 43-10 
rocnigens per generation 

It was explained that the control of ra 
dioactive contamination is exercised in 
three main ways: control of the contami 
nated areas, control of ventilation, and con 
trol of personnel. In order of frequency, the 
following problems were encountered at the 


Chalk 


contamination: of body 


River nuclear plant in Canada: (1) 
surface, (2) over 
exposure to radiation, and (3) internal con 
tamination In no other industry he 
pointed out, has the same effort been made 
to make the operation 100%, safe. “In the 
light of present discussion and public con 
cern about radiation, | should think it un- 
likely that there will be any change in this 
policy in the near future,” 


Forum of Technical Committee Chairmen 


[Expresses Views on Important AIEE Matters 


IHE ORGANIZATION and financing of 
technical conterences, publication of tech 
nical papers in advance of presentation and 
representation ot the technical groups on 
technical committees as well as means of 
communication were discussed at the Forum 
of ‘Technical Committee Chairmen held 
during the AIEE Summer General Meeting 
in Montreal, Que., Canada, W. R, Clark 
chairman of the Technical Operations De 
partment, presided and drew attention to 
the responsibility of the technical commit 
tees to sponsor joint technical conferences 


and Institute sponsored 


808 


conferences, J. 


Reid, Jr. is chairman of a special committee 
to handle the conterences 
Technical Conferences 
The methods of initiate 
multi 
outlined by 


procedure to 


special technical conferences and 


sponsored conferences were 
R. S. Gardner, assistant secretary, Technical 
Committee Activities. The assistant secre- 
tary explained that the conferences were 
practically self-supporting if salaries of his 
department and travel were not charged as 
expenses. He stated that the American So 


ciety of Mechanical Engineers (ASME) and 
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other societies do not charge headquarters 
expense and the Institute would be at a dis- 
advantage if these costs were charged to the 
conferences. For the fiscal year ending April 
$0, 1957, total income was $21,772 and total 
expenses $34,262, leaving an excess of ex- 
pense over income of $12,490. In the course 
of discussion that ensued, Secretary N. S. 
Hibshman explained that the Finance and 
Fechnical Operations Committees should 
consider subsidization and to what extent 
it should be given to these conferences. The 
forum expressed an opinion that the con- 
ferences should be entirely self-supporting 
by the showing of a large majority of 
hands; a second showing of hands by tech- 
nical committee chairmen only confirmed 
this expression of opinion. 


Publication of Papers without Presentation 


In introducing this topic, Chairman 
Clark explained that there were some types 
of papers which did not lend themselves 
readily to an oral presentation, Chairman 
W. S. Hill of the Publications Department 
stated that the proposal was brought up 
for application to the Science and Electron- 
ics Division only and the Department saw 
no reason why papers could not be pub- 
lished provided the quality of the papers 
were maintained by the regular reviewing 
procedure. He pointed out, however, that it 
would no longer be possible to publish dis 
cussions with the papers. The chairman of 
the Science and Electronics Division ex 
plained the advantages of this method and 
stated that it would speed up the publica- 
tion of papers and permit the publication 
of a technical conference paper alter re- 
view without delaying for representation, 
Based on conversation with the AIRF pub- 
lications editor, A. C. Muir explained that 
the seven production steps required in an 
ideal situation—the editing time, setting the 
type, sending proots to authors, entering 
corrections, making up in page torm, ob- 
taining revised when 


proots necessary, 


printing, and distribution—would require 


a minimum of 40 working days. As the 
frequency was bimonthly and the load not 
uniform throughout the year, as much time 
might not be saved as seemed apparent. It 
Hickernell that the 
publication 


was explained by L. I 
Institute once had a policy 
where papers were published in advance of 
presentation for several years. Without a 
deadline date for submitting papers, there 
would not be many contributions 

Reid, Jr. explained 
that the proposal had the backing of the 


In conclusion, J. G 


Communication and Instrumentation Divi- 
forum 
expressed the view that if a Division desired 


sions. By a showing of hands, the 


to have Fransactions Papers published 
without presentation or with presentation 
at a later time, they should be able to do so 
and presentation at a conference should be 


considered as a qualified presentation 


Technical Group Organization 


An Ad Hoc Committee, appointed by 
Past-President M. S. 
ways and 


Coover to study the 
initiating 
groups in the Sections and integrating them 


means of technical 
into the technical committee organization, 
has accomplished much it was reported by 
W. R. Clark, a member of the committee. 
An eight-point program was outlined pro 


viding for appointment of the technical 
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AIEE Future Meetings 


Magnetic Amplifiers Conference* 
Penn-Sheraton Hotel 

Pittsburgh, Pa 

September 4-6, 1957 


Petroleum Industry Conference* 
Sheraton Hotel 

Philadelphia, Pa. 

September 9-11, 1957 


AIEE-IRE Industrial Electronics 
Symposium* 

Morrison Hotel, Chicago, Il. 
September 24-25, 1957 
AIEE-IRE-IITT-NU-U of I National 
Electronics Conference® 

Hotel Sherman, Chicago, Il. 
October 7-9, 1957 


Fall General Meeting* 
Morrison Hotel, Chicago, Il 
October 7-11, 1957 


Reliability and Quality Control in 
Electronics Conference* 

Silver Spring, Md 

October 10, 1957 


AITEE-IRE-ASME Feedback Control 
Systems Conference* 
Chalfonte-Haddon Hall Hotel 
Atlantic City, N. ] 

October 16-18, 1957 


Farm Electrification Conference* 
Hotel Nicolett 

Minneapolis, Minn 

October 29-31, 1957 


EJC-ECPD Engineers General As- 
sembly 

Hotel Statler, New York, N. Y. 
October 24-25, 1957 

Machine Tool Conference* 

Hotel Schroeder 

Milwaukee, Wis. 

November 4-6, 1957 


AIEE-IRE-ISA Electrical Tech- 
niques in Medicine and Biology 
Conference* 

Harvard University 

Boston, Mass 

November 6-8, 1957 

Mid-Atlantic Textile Conference 
North Carolina State College 
Raleigh, N. C. 

November 14-15, 1957 

(Final date for *7TP—closed, {CP 
Syn.—closed, CPMS—Sept. 6) 


Magnetism and Magnetic Materials 
Conference 

Park Sheraton Hotel 

Washington, D. C 

November 18-21, 1957 

(Final date for +*TP—closed, tCP 
Syn.—Sept. 3, CPMs Sept. 13) 


AIEE-IRE-ACM Eastern Joint Com- 
puter Conference 

Vark Sheraton and Shoreham Hotels 
Washington, D. C. 

December 9-18, 1957 

(Final date for +TP—closed, tCP 
Syn.—Sept. 24, CPMs-—Oct, 4) 


AIEE-IRE-ASOC Reliability and 
Quality Control Conference 

Statler Hotel 

Washington, D. ¢ 

January 6-8, 1958 

(Final date for +TP—Sept. 27, {CP 
Syn.—Oct. 22, CPMs—Nov. 1) 


AIEE-IRE  Scintilation Counters 
Conference 

Shoreham Hotel 

Washington, D. ¢ 

January 27-28, 1958 

(Final date for +TP—Oct. 18, {CP 
Syn.—Nov. 12, CPMs—Novw., 22) 


Winter General Meeting 

Hotel Statler, New York, N. Y. 
February 2-7, 1958 

(Final date for *TP—Oct. 14, *CP 
Syn.—Nov. 1, CPMs—Nov. $) 


AIEE-IRE-U of P Transistor and 
Solid State Circuits Conference 
Philadelphia, Pa 

February 20-21, 1958 

(Final date for *TP—Nov. 8, {CP 
Syn.—Dec. 3, CPMs—Dec. 13) 


Textile Conference 

Georgia Institute of Technology 
Atlanta, Ga 

March 13-14, 1958 

(Final date for +TP—Dec. 3, {CP 
Syn.—Dec. 26, CPMs—Jan. 7) 


American Power Conference 
Sherman Hotel, Chicago, Hl 
March 17-19, 1958 

(Final date for +TP~— Dec. 6, {CP 
Syn.—Jan, 1, CPMs-—Jan. 10) 


EJC Nuclear Congress 
International Amphitheatre 
Chicago, Il 

March 17-21, 1958 

(Final date for +TP—Dec. 6, [CP 
Syn.—Jan. 1, CPMs—Jan. 10) 


Pulp and Paper Conference 
North Carolina State College 
Raleigh, N. ¢ 

March 27-29, 1958 

(Final date for + TP?—Dec. 20, {CP 
Syn.—Jan. 15, CPMs—Jan,. 24) 


South West District Meeting 
Pulsa, Okla 

March 31-April 2, 1958 

(Final date for +7 P—Dec. 20, 83DP 
Syn.—jJan. 10, DPMs—Jan, 13) 


AIEE-ASME Railroad Conference 
Cleveland, Ohio 

April 9-10, 1958 

(Final date for +TP—Dec. 30, tCP 
Syn.—Jan, 24, CPMs—Feb, 3) 


AIEE-IRE-ASME Automatic Tech- 
niques Conference 

Statler Hotel 

Detroit, Mich 

April 14-16, 1958 

(Final date for *TP Jan 3, Ice 
Syn.—Feb, 25, CPMs—Feb, 7) 


Middle Eastern District Meeting 
Washington, D. ¢ 

April 28.30, 1958 

(Final date for +TP—Jan. 17, SDP 
Syn.—Feb. 7, DPMs—Feb. 11) 
Great Lakes District Meeting 
Michigan State University 

Fast Lansing, Mich 

May 5-7, 1958 

(Final date for +TP—Jan, 24, SDP 
Syn.—Feb. 7, DPMs—Feb. 11) 


AIEE-IRE-ACM Western Joint Com- 
puter Conference 

Ambassador Hotel 

Los Angeles, Calif. 

May 6-8, 1958 

(Final date for +TP—Jan. 24 (cP 
Syn.—Feb. 18, CPMs—Feb. 28) 


East Central District Meeting 
Huntington, W. Va 

May 13-15, 1958 

(Final date for +TP—Jan,. 31, SDP 
Syn March 7, DPMs—Mareh 11) 


AIEE-IRE-RETMA-WCEMA _ Joint 
Electronic Components Conference 
Los Angeles, Calif 

May 21-25, 1958 

(Final date for *TP—Feb. 14, {CP 

Syn March 11, CPMs—March 21) 


AIEE-ISA-IAS National Telemeter- 
ing Conference 

Baltimore, Md 

May, 1958 


Domestic Appliances Conference 

Hotel Morrison, Chicago, UI 

May 27-29, 1958 

(Final date for \TP—Feb. 14 (cP 
Syn March 11, CPMs—Marchk 21) 


Summer General Meeting 

Bulfalo, N. ¥ 

June 22-27, 1958 

(Final date for *+TP—March 14, [CP 
Syn.-April 4, CPMs—April 7) 


AIEE-IRE Nonlinear Magnetics and 
Magnetic Amplifiers Conference 
Los Angeles, Calif 

August 6-9, 1958 

(Final date for +TP—April 25, {CP 
Syn.—May 20, CPMs—May 30) 


Pacific General Meeting 
Sacramento, Calif 

August 19-22, 195s 

(Final date for +TP—May 9, 1cP 
Syn.—June 5, CPMs—June 6) 


Fall General Meeting 

Pittsburgh, Pa 

October 26-31, 1958 

(Final date for +1 P—June 27, {CP 
Syn.—Aug. 1, CPMs—Aug, 8) 


*Final date for submitting papers— 
Closed 

1TP—Transactions Paper 

tCP Syn.—Conlerence Synopsis 
CPMs—Conference Manuscript 

$DP Syn.—District Synopsis 
DPMs—District Manuscript 
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group chairmen and the techni 


> 


re spective 


cal committees, the gathering of informa 


tion to be sent to the technical committees 
to be integrated in their reports the corre 
information 


lating of the at headquarters 


and the channels of distribution to the 


membership such as the bimonthlies and 


Electrical with additions to 


the headquarters’ staff to augment the rec 


Lngineering, 


ommendations. As the forum was unfamil 


iar with most of the recommendations, 


opinion as expressed that recommenda 
tions should be attached to the minutes of 


the forum and submitted for consideration. 


Section Delegates Hear About Progress 


‘ 


Toward new United Engineering Center 


DURING an all day Section Delegates 
meeting at the ATE 
Meeting, President-elect W. ] 
president of United Engineering 


live tk 


of acquiring an 


Summer General 
Barrett, also 
Trustees 
reported progre in the steps 
ideal site for the new 
Center in midtown 
high! 
as LRT had been 


job of planning and selecting a 


Cnited Engineering 


Manhattan which i atistactory to 


ll concerned, Inasmuch 


alter the assignment 


site ithin six week 


engineers and architects came up with a 


recommendation. They had studied whethe 
Ww not to modernize the existing building 


it down and rebuild on the present 


wv acquire another site and the deci 
that modernization or re 


Herbert Hoover 


sion was made 
building was not practical 
Robert Moses 

Commissioner of Park md Di | ] 
I heobold Mayor of New York 


cit rendered invaluable a 


head of City Planning and 


Deputy 
sistance in con 
Through subse 


nection with the matte 


quent developments the location and tur 
ther details which were announced later 
appear on page 806 of this issue, The entire 
engineering profession is very grateful to 
Barrett and the UEFT for this 


in the short 


President 
remarkable accomplishment 


Section Technical Groups 


In two group dynamic meetings out of 


which came a variety of questions trom the 
buss 


concerned the formation of technical groups 


sessions, the queries most often raised 


AT THE PUBLIC RELATIONS WORKSHOP during the Section Delegates 
H. MacCauley of the Philadelphia Section explained the 
series of broadcasts which acquaint the listening 


Meeting, T 
*‘Meet the Engineer’ 


S10 


n the Sections, the diversity required, ties 


with the technical committees, and how to 
initiate and maintain interest. The ques 
chat 


tion was raised by J. C. Strasbourger 


man of the Administration Department, as 
to how many Sections had established tech 
nical groups and how many had not estab 
there was 


The lack 


rroups might be a reason why 


lished such groups. In a canvass 
no reply from 25°, of the Sections 
of technical 
the Institute has 2,000 delinquent mem 
hers, a good many probably feel that they 
ire not being served adequately The ques 
tion "iso was raised as to point of dimin 


ishing returns: for example if a Section 


should start 20 technical groups and 10 


of these have to be dropped 
liaison between the 


lo provide closer 


Section technical groups and the technical 
committees, W. R. Clark 


Pechnical Operations 


chairman of the 
briefly 
reported that a specially appointed Ad Hoc 


Department 
Committee, comprised of two representa 
tives from the Administration Department, 
two from the Technical Operations Depart 
ment, and two from the Publications De 
partment, were at work on the problem. A 
plan of procedure was proposed in an arti 
cle, “The AIEEE Technical Divisions,” Flec 


trical Engineering, January 1957, pp. 64-7 


Section Growth Awards 


Ihe Minnesota Section was awarded the 
Award in the larger than 
average Sections, and the Virginia Moun 


Section Growth 


tain Section in the smaller 
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than average 


public with the engineers’ work. To 
the Philadelphia Section has sponsored, Mr. MacCauley arranged the 
display (above, left and right) of over 100 broadcast manuscripts 


Sections. Second place in the larger than 
average Sections went to Montreal, and in 
the smaller 

Utah Section 
certificates for second place were presented 
to the winners by J. R. Kearner of the 
Sections Committee. This year, the break 


than average Sections to the 


Gavels for first place and 


point between the larger than average Sec 
tions and the smaller than average was 457 
The Standard for 


Definitions of 


Recognition of Section 
Terms and 
Shep 
pard, vice-chairman of the Sections Com 


Meetings and 
Conditions were explained by H. H 


mittee, 


Institute and Section Finances 


President-elect W. J. Barrett 
that the Institute finances were in pretty 


report ad 


good shape and for two years past, $180,000 
had been cleared each year with $1.25 mil 
lion in reserve. The formation of technical 
groups in the Sections as recommended by 
the consultants was encouraged. This would 
require the expenditure of more money 
Reference was made to Past-President Coo 
letter (Electrical 
1957, p. 516) which explained that the In 


stitute was primarily a technical and scien 


ver's Engineering, Jum 


tiie organization 

Based on an extensive study and survey 
of the Sections, an analysis and report on 
presented by j. W 
Bennett, chairman of a Subcommittee for 
the Study of Section 


Section finances was 
Finances and Allot 
ments, The recommendations made led to 
an increase in Section allotments on an 
interim basis for the forthcoming year. The 
work is continuing and the Sections may be 
asked for 


more information as the study 


progresses. 


Student Branch Activities 


In opening this important subject, W. B 
Morton, chairman of the Student Branches 
Committee explained that the present 
number of enrolled students does not com 
pare with records three years ago because 
students are immediately 


enrolled trans 


ferred to the grade of Associate Member 
upon graduation and over 1,060 were in this 
established a 


category. One Branch has 


of broadcasts 





aod hk 
Pp ze the 
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letter of introduction to the secretaries in 
the territory where students will be located 
after graduation 
sisted by the Sections in getting summer 


Students should be as- 


work. In conclusion, Mr. Morton urged the 
early appointment of student activities com- 
mittees. If they work 
branches, rewarding 


actively with the 
results can be ob- 
tained. 

Other important business at the confer- 
ence comprised a brief review of new Sec 
tions Committee publications, a discussion 
of membership activities, and transfers. In 
the afternoon, the tools and procedures to 
obtain good public relations were outlined 
by Fischer Black in a public relations work 
shop Sound procedures and the use of the 
publicity kit explained by R. C. 
Mayer, Jr., of the Institute’s Public Rela- 
tions Counsel, The series of weekly broad 
‘Meet the have 
been successfully sponsored by the Phila 


were 


casts, Engineer which 
delphia Section for some time, were briefly 
outlined and animatedly illustrated by 
lr. H. MacCauley. 

A cerdial welcome to the delegates was 


extended by Past-President Coover who 
opened the meeting. In opening the after 
noon session, he commented on material ot 
a local news nature. No tople is olf more 
interest than the one that we are going to 


exhaust our supply of fossil fuels in the 


AIEE Board of Directors 
Meets at Montreal, Que., Canada 


IN ANTICIPATION of a possible vaca- 
tion from the usual August meeting, the 
AIEE Board of Directors tackled one of 
the heaviest agendas ever attempted in a 
one-day meeting on Friday, June 28, 1957, 
in Montreal, Que 
become the demand for meeting rooms and 


Canada. So great has 


the scheduling of meetings of subcommit 
tees, conferences, and Departments at the 
Summer General Meeting that the Board 
has abandoned its traditional Thursday 
meetings to make room for the growing 
need for accommodations for those intent 
on doing Institute business on this con 
vernent occasion It was only a few years 
ago that the Board frowned on the in 
trusion of too many technical sessions on 
what were intended to be primarily social 
summer meetings. Not only the technical 
sessions, but also the administrative busi 
ness of the Institute has now crowded asice 
golf, tennis, and other attractions of the 
pre-war summer meetings to a degree that 
would have been considered distressing a 
generation ago. Maybe there is cause for 
alarm in this mad pace but if so, nobody 
seemed to be worried about it at Montreal 

As for the Board meeting itself, it was 
attended by all except 2 of the 27 voting 
members. In addition, there were 14 invited 
guests: 6 incoming vice-presidents, 3 in 
directors, a 


coming past-president and 


several Department heads There would 


have been 2 more except that 2 of the De 
chairmen are also 


partment incoming 


directors. There were 82 distinct items of 
business on the agenda. All were considered 
and disposed of by one means or another. 


The departmental organization with its 
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DIXON LEWIS (lef?), 
chairman of the AIEE 
Sections Committee, 
presents a certificate 
for second place in 
Section Growth of the 
larger than average 
Sections to R. A. 
Boyd Iright) of the 


Montreal Sect'on 


future. Vice-Presidents visiting the Sections 
who have stressed this theorem and intro 
duced the interest in high level energy fuels 
or atomic energy have obtained good pub 
licity. Photographs should be available and 
the time element should be anticipated. In 
conclusion, the delegates gave a rising 
vote of thanks to Dixon Lewis, chairman 


of the Sections Committee, who presided. 


decentralized authority opens channels for 
delegation not previously available to the 
Board. 


Finances 


The Treasurer reported that at the end 
of the fiscal year April 30, 1957, the margin 
of receipts over expenditures in the general 
fund, on a cash basis was $174,848.41. As 
the Auditor’s Report shows in the August 
issue of Electrical Engineering, accounting 
on the accrual basis yields about $11,000 
more in this item 

On recommendation of the Finance Com 
mittee, the Board voted to advance $5,000 
to the 1958 Engineers Joint Council (EJ¢ 
Nuclear appropriate 
$10,000 toward the initiating of a compre 


Congress and to 


hensive survey of the engineering profession 
joint 
Professional 


under the auspices of Engineers 
Council — for 
(ECPD) and EJC, Authority was granted to 
lend up to a half-million dollars to the 
(UET) for 


the purpose of acquiring a site on which to 


Development 


United Engineering Trustees 
locate the proposed new United Engineer 
ing Center 

The Finance Committee submitted to the 
Board a 


comprehensive report of the 
Institute with 


recommendations for future fiscal and in 


position of the 


vestment policy 


Constitution and Bylaws 


The Board received preliminary drafts 
and encouraged the Constitution and By 
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laws Committee to proceed with a compre 
hensive project for restyling and streamlin 


ing the statutes governing the Institute, 
This program is to be carried out in two 
steps the first will change the tormat and 


wording of the Constitution and Bylaws 
without changing its substance and mean 
ing. The second step will be to amend and 
revise the content of these two documents 
so as to bring them more nearly into line 
with the current needs of a rapidly develop 
ing Organization 


Bylaw 


fecting the following changes 


amendments were approved ef 


1. The transfer of the Student Branches 


Committee from the Professional De velop 
ment and Recognition Department to the 
Administration Department, effective Au 
gust 1, 1957 

2. To establish, in the Professional De 
velopment and Recognition Department i 
new committee to be known as the Recog 
nition Awards Committee, to be responsible 
for selecting the recipients of all awards 
and medals for outstanding achievement in 
the various fields of electrical engineering 
that are established by the Institute with 
the exception of the Lamme and Edison 
Medals 

s. At the same time, the scope of the 
Prize Awards Committee was re defined and 
extended to give it the responsibility for 
taking the initiative in creating new forms 
of recognition and awards for outstanding 
achievement in addition to its traditional 


function of awarding prizes for superior 
papers 

t. A new Bylaw was approved providing 
Bylaws 
August tolloy 


otherwise 


that amendments to the become 
effective on the first day of 
unless 


ing their adoption speci 


fically provided by action of the Board of 


Directors, in which case i prominent 


separate announcement will le mace in 
Electrical Engineering 
board detined 


in detail the powers and authorities of the 


By special resolution, the 
Executive Committee of which it is antic 


ipated greater use will be made. 


Districts and Sections 


Ihe establishment of the Gem State 
(Idaho 


the Board as having been approved by 


Section was offiially announced 





Administration Department This Section 


includes all of the counties in Southern 
Idaho previously part of the Utah section 
Approval was voted for the 


the Northeastern 


division of 
District No. | into two 
one embracing New York State as 
its territory and the other New England 
The Empire District which will now be 


Districts 


known as District No, 1, will include the 
following Sections: Ithaca, Niagara Frontier, 
Rochester, Schenectady, and Syracuse. The 
Northeastern District to be known as Dis- 
trict No, 12 will include the following Sec 
Connecticut, Lynn, Maine 

Pittsheld Providence 
Worcester. D. F 
vice-president of the original District No, 1} 


will continue as vice-president of the Em 


tions Boston 
New Hampshire 


Springheld, and Gar 


pire District, Sven Osthagen was elected by 


the Board of Directors to be vice-president 
Northeastern District No, 12 
August 1, 1957, will 
It was also reported that 
August |, 1958, District No, 4 will 


north and south line into two 


for the new 
This term, beginning 
be for two years 
A] ol 
divide on a 
new districts. Studies are under way look 
ing toward further adjustments in the ter 
ritories of District No, 2, 5, and 11 

The Administration Department reported 
continued growth in ‘Technical Groups, On 
the basis of reports received from 85 Sec 
tion 17 new ‘Technical Groups have been 
formed, 4 dropped, and 16 more are in the 
process of formation which would yield, by 
Auvust |, 1997, a total of 220 

\ comprehensive study is being carried 
on by a subcommittee of the Sections Com 
mitted for the purpose of establishing a 
proper basis for Section Financing, On the 
recommendation, the 


basis of an interim 


Board voted to provide additional meeting 
bonuses for more than 3O meetings per year 
and also to return to the Sections all en 
trance and transter tees attached to applica 


tions Originating in the Sections 


Admission and Advancement 
The Admission and Advancement De 


partment reported the following additions 


Bimonthly Publications 


The bimonthly publications, Communi 
cation and Applications and 
Industry, and Power Apparatus and Sys 
tems, contain the formally reviewed and 
approved papers presented at 
General and District meetings and confer 
The publications are on an annual 


Electronics, 


numbered 


ences 
consideration of 
(exclusive of 
Student members) may receive one of the 
additional publications 
are otlered to members at an annual sub- 
scription price of $2.50 each. Nonmembers 
may subscribe on an advance annual sub 
scription basis of $5.00 each (plus 50 cents 
for foreign posts 
New 
available, are 


subscription basis. In 


payment of dues, members 


three publications 


payable in advance in 
York exchange). Single copies, when 
$1.00 each. Discounts are 
allowed to libraries, publishers, and sub- 
scription agencies. 





to the several grades of Institute Member 
ship: Fellows—18, Members—286, Associate 
Members—849, Affiliates—96, Student Asso 
ciates and Student Affiliates—956, Biograph 
ical sketches of the 18 new Fellows will 
appear in a subsequent issue of Electrical 
Engineering, 

The Board voted that engineering gradu 
ates of the Instituto Tecnologico y de Estu 
dios, Monterrey, N.L., Mexico; and Escuela 
Superior de Ingenieria Mecanica Y Electrica, 
Mexico City, D.F., Mexico, shall be eligible 
for admission to the grade of Associate 
Member on the basis of their 
Special Board is required because 
ECPD accrediting is not extended beyond 
the borders of continental United States 


education 
action 


Professional Development and Recognition 


rhe Board approved a contract with the 
Leeds & Northrup Foundation for the estab 
lishment of the Morris E 
Flectrical 


nounced that a new 


Leeds Award in 
Measurements. It was also an 
award or medal has 
been established by the Phelps-Dodge Foun 
dation to be administered by the Profes 
sional 


Development and Recognition De 


partment in the field of Transmission and 
Distribution 

Three new afhliate branches have been 
established as follows: at Christian Brothers 
College, Memphis, Tenn.; West Virginia In 
stitute of Technology, Montgomery, W. Va.; 


and University of Wichita, Wichita, Kan 


A Policy Statement 


On recommendation of the Protessional 
Development and Recognition Department, 
the Board approved and adopted as Insti 
tute policy the 


following statement pre 


pared by the Registration of Engineers 
Committee. Several of the Founder Societies 
have issued similar statements which are in 
have a 


tended to bearing on the entire 


question of “the practice of engineering.” 
The American Institute of Electrical En 
gineers endorses and supports the registra 
tion of professional engineers as being in 
the best interests of the public and of the 
enginecring 


profession, and recommends 


consideration of registration by its mem 
bers 

In furtherance of this policy, the Ameri 
can Institute of Electrical Engineers 

(1) Approves model 
Law, offers to co-operate with other spon 


the objective of a 


soring groups in revisions subject to appro 
val by the Board of Directors, and offers its 
assistance the appropriate revision of 
registration acts where responsible organi 
vations request such assistance 

(2) Supports the objectives and activities 
of the National Council of State Boards of 
Engineering Examiners and offers advice 
and assistance when requested 

(3) Recommends that there be no dis 
crimination, directly or indirectly, as to the 
form of business organization under which 
the practice of engineering is conducted 
provided that the person or persons in re 
sponsible charge of such practice be legally 
registered professional engineers. 

(4) Recommends that each 


point a committee or representative to co 


Section ap 


operate with the State Boards of Engineer 
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ing Registration or other appropriate 
agency in the dissemination of information 
concerning registration in. its state, 

(5) Recommends that Sections sponsor or 
co-operate with other groups in sponsoring 
refresher courses as preparation for written 
examinations 

(6) Recommends that, upon request, com 
mittees and qualified 
sional engineers 


individual profes- 
co-operate with State 
Boards of Registration in the development 
of adequate written examinations 

(7) Recommends that each Student Branch 
devote some time to the subject of profes 
sional development with special emphasis 
on the purpose of registration, the stand- 
ards required, the Engineer-in-Training 
Program, and the procedure in applying for 
registration 

(8) Recommends that the Committee on 
Registration of Engineers annually sponsor 
a short informative article on registration 
of professional engineers to be published 
in Electrical Engineering at an appropriate 
time 

(9) Recommends that the Committee on 
Registration of 
annually a 


Engineers make available 
pamphlet giving up-to-date 
sources of information in the various states 
and other information of value to students 
and other candidates for registration 


Technical Operations 


The Board voted to authorize the inclu 
sion of travel expenses for the purpose of 
making available to Special Technical Con 
ferences speakers with special knowledge 
not otherwise available 

It was voted that the privilege of attend 
ing AIEE General and District 
with payment of the AIEE member regis 
tration fee be extended to all members of 
cognate societies, as defined by the Board 
of Examiners for admissions and advance 
ment purposes 


Meetings 


The Board approved establishment of a 
new policy by which a Technical Division, 


if it so desires, may be permitted to have 


Pransactions Papers published, after proper 
review but before presentation 


Discussions 
of such papers, published before presenta 
tion or without presentation, will be 
printed in a subsequent issue of a bi 
monthly magazine. 

Phe Technical Operations Department 
made extensive suggestions for bringing to 
gether the local Technical Groups in the 
Sections with the Technical Divisions and 
Commiteees of the Institute. The Board 
took suggestions under advisement 
and also referred them to the Technical 
Department, the Publications 
Department, and the Administration De 
partment for study; and requested the Plan 
ning and Co-ordination Committee to bring 
the findings of these departments together 
into a final recommendation to the Board 
of Directors. Meanwhile, the Technical Op 
erations Department was authorized to se 
cure from the Sections the names of all of 
the Chairmen of their Technical Groups, 
and to request reports on the activities of 
Section Technical Groups. 


these 


Operations 


Appointments, Confirmations, and Elections 


The Board information a 
tentative list of the appointees to standing 


received for 
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made by the President-Elect. 
The Board also approved all the recom 


mendations for Board 


committees 


appointments to 


Committees and for representatives to other 
bodies. Lists of all of these appointments 
appear elsewhere in Electrical Engineering 


Trips During AIEE Fall Meeting 


To Be Interesting and Informative 


FIGHT SEPARATE 
arranged for 


rRIPS 
AIFE members attending the 
1957 Fall General Meeting in Chicago, Il 
October 7 11 
Tuesday 


have been 


Electro-Motive Divi 
sion of General Motors will be host for a 


Morning 


tour through their facilities at La Grange, 
Ill. In addition to the tour of the manufac 
turing facilities for diesel locomotives, guests 
will be given a demonstration of the Electro 
Motive 
units 


mobile diesel-electric 
called Electro-Mobile 


units are designed to boost power in fringe 


generating 


Power The 


areas of utility systems and to meet peak 
load demands 

Tuesday Afternoon \ tour to three of 
the Chicago area’s most modern, shopping 
centers will provide a look at the latest 
electrical service facilities for this type of 
application. The shopping centers are the 
Hillsdale Shopping Center, Old Orchard 
Shopping Center, and Cermak Plaza Shop 
ping Center 

Tuesday Afternoon: At this time, Com 
monwealth Edison will display how they 
preparing 
approxi 


use an electronic computer in 
nearly 12 million bills annually 
mately 50,000 each day 
Wednesday Morning: A tour ot the Ar 
gonne National Laboratories will feature a 
look at the atomic 


Experimental Boiling 


Water Reactor which was officially dedicated 


and put “on stream” several months ago 
Will County Gen 


newest 


Wednesday Afternoon 


erating Station is the venerating 
plant of Commonwealth Edison Company 
and is the subject for the Wednesday atte 
noon tour, Located on the Chicago Sani 
tary and Ship Canal, the station's first two 
160,000-kw net capability 

were placed in operation in 1955, The third, 


a 260,000-kw net capability, 


units—each of 


was placed in 
commercial operation in June of this year 
The station can now generate enough elec 
tricity to adequately supply a city of 800,000 
people 

Thursday Electric 


Company has just moved into its new 1.5 


Vorning Automat 


) 


million square foot manufacturing plant in 
Northlake and the 


morning trip will be mace 


suburban Thursday 

through this 

plant 
Thursday 


noon's tour will be to the Chicago plant of 


d{flernoon Thursday after 
the Youngstown Sheet and Lube Company 
to view the processes ol making steel 
Friday 
Fall Meeting will be to the new headquar 


Morning The final tour of the 


ters and broadcasting facilities for the Co 


lumbia Broadcasting System in Chicago 


The new facilities are in a building which 


formerly housed an ice skating arena but 


which was completely transiormed for its 


broadcasting duties 


DIESEL FREIGHT LOCOMOTIVE nears completion at the la Grange, ill., plant of Electro-Motive 
Division of General Motors Corporation. An inspection trip to this plant has been planned for 
Tuesday morning during the 1957 AIEE Fall General Meeting which will be held October 7-11, 


in Chicago, Ill 
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Ladies’ Activities 


In addition to the daily 9 a.m. coffee hous 
during the AIRF Fall General Meeting, the 
women attending the meeting will be enter 
tained at a variety of events. Following ts 
a list and ce scription of each event 
Reception in the Cotillion Room 
in the Morrison Hotel 

Monday Card Part 
in the Ladies Headquarters in the Walnut 
Room Delta Star 
Company 

Tuc sday 
ot the 


Sunday 
Afternoon, Dessert 
This is sponsored by the 
Luncheon in the 


Hotel 


Bond, a syndicated cartoonist, will speak and 


Pump Room 
Ambassador East Dovothy 
she will also do some caricatures of a tev 


in the audience attending the Luncheon 
This Luncheon is being sponsored by the 
\llis-Chalmers Manutacturing Company 
Wednesday: Brunch in the Cub Room of 
the Morrison Hotel etsy Ross i well 
known decorator from the John A. Colby 
will speak on interior decorating 
Brunch 


Luncheon in the Crystal Room 


Company 
There will be a $3 charge tor the 

Thursday 
of the Chicago Athletic Club. Sulte Harand a 
well known entertainer will give a musical 
play [his luncheon is being sponsored by 
Westinghouse Electric ¢ orporation 

Friday 


ing cotfee hour 


The program ends with the morn 


M. 8S. Coover Receives 


Honorary Degree from RPI 


In recognition of distinguished carees 


RPI) 


honorary dlegrees 


Rensselaer Polytechnic Tristitute 


Troy N.Y 


upon five men at its commencement exer 


conterred 


=: amas 
cises on June 7, 1957 


Receiving the honorary degree, doctor of 
¥ \ 


engineering, was M. 8S. Coover, a member 
of the teaching and administrative staff of 
lowa State College since 1995 nd op 
president of the AIEE, 1956.57 

Mr. Coover, a 1914 graduate of RPI 
awarded the degree in recognitio ol 
contribution in the helds of teaching 
technologs 

His citation listed in the commencement 
program reads as tollo at the iinee 
time he has been a stead rival dependable 
worker and a leader of vision in such scien 
tific organizations as the American Institute 
ot Flectrical Engineer the Trostitute ol 
Radio Engineers, the Engineers Council for 
Amer 


can Society for Engineering Education 


Professional Development, and the 


[Throughout his career he ! ivncle 


fatigably represented the 


| 


objective ol a teacher a 


development ol oung men 
tandarcads in the prot sion 
engineering 

other 


Among the recipient 


degree from Rensselaer wa 
(t 9) pre idlent of Leed North 
Philadelphia, Pa., who wa 


gree of a 


ip Co 


octor ot iene 


Mr. Stein became president of 


Northrup in 1995. having 
firm in 1919 and been successivel 

manager esearch and development 
neer, director of research andl exe 


vice-president 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to this 
publication, is open to most electrical engi- 
neers, Complete information as to the member- 
ship grades, qualifications, and fees may be 
obtained from Mr. N. §. Hibshman, Secretary, 
33 West 39th Street, New York 18, N. Y. 


oo 


Sixth Annual Symposium on 
Industrial Electronics Planned 


Well established during the previous five 
ears, the Symposium on Industrial Elec 
held September 24-25, 1957, 
in Chicago, IlL., at the Morrison Hotel, has 


tronics, to be 


hecone 
industrial electronics field 

This year’s Symposium has as its main 
theme the characteristics, use, and integra 
tion of transducers into complete systems 
to measure and control complete processes 
Sixteen papers will be presented in four 
sessions, cach session devoted to a group of 
transducers or control systems. The “sys 
tems” approach will be stressed in a num 
ber of papers 

\ number ofl 


prominent speakers, na 


tionally recognized for their contributions 
in the industrial electronics field 


cepted invitations to speak, Dr. J. R 


have a 

Ryder 
dean of engineering of Michigan State Uni 
versity and past president of the 
of Radio Engineers (IRE), and A. E. Sperry, 
president of Panellit, Inc., and past presi 
dent ot the 


Institute 


Instrument Society of America 
ISA have accepted invitations to address 
the luncheon meetings on the 24th and 
25th, respectively 

lhe Sixth 


ived by the 


Annual Symposium is organ 
Professional Group on Indus 
trial Electronics (PGIE) of the IRE and by 
the \Ikl 
tec and is co-sponsored by the 
Sections of the IRE and AIEI 
Chairman is W. R 
Radio Company 


blectronic Pechnical Commit 


Chicago 
Thurston, General 
Mass. (PGIE) 
Chairmen are: | \. Roberts, 
Ferminal Electric Company, Forest 
Park, Tl. (IRE): and H. A 


Research 


Cambridge 
Conterenc 
Union 
Barbarino, At 


mou Foundation, Chicago, Hl 
(ATEE) 

The Program Committee includes Chair 
man Eugene Mittelmann, consulting engi 
neer Chicago (IRE); and 
Harold Chestnut, General Electric Com 
Schenectady, N.Y. (ALTEE). Chairman 


Arrangement Committee is J. W. 


Co-Chairman 


pany 
of the 
Grant, Tammen & Denison, Chicago 

Rich 
Northwestern University 
Domas Abbott, Standard Oil of Indiana; H 
National 


Chicago; and Donald 


Moderators of the four sessions are 
ard Jenness 
Harvester 


Cornelius, Company, 


Arsen, Stewart War 
ner Electronics, Chicago 

Among the papers to be presented are 

\ Classification System for Measurement 
and Control,” by BE. A, Keller, Panellit Cor 
poration, Skokie, Hl 

Fransmission of ‘Lorque 
High Speed Machinery,” by I 
AiResearch Mig. Co., 

Photo-Electric Registration Control Sys 
tems by J. ¢ 


neer, Cincinnati, Ohio 


Signals trom 
S. Shepard, 
Phoenix, Ariz 


Frommer, consulting engi 


Si4 


known as THe Conference in the 


“Industrial Digital * Systems by E 
Otis, Daystrom Systems, La Jolla, Calif 

‘An Electronic Approach to Sortation 
Control,” by R. W. Burtness, Stewart Wat 
ner Electronics, Chicago, Ul 
lransducers for Machine Con 
trols,” by J. K. Snell, General Electric Com 
Waynesboro, Va 
Fddy Current lype 
Transducers for Use in Industrial Electron 
ics,” by D. L. Elam, Electro Products Lab 
oratory, Chicago, Ill 


“Position 


pany 
‘Magnetic and 


‘Pulse Width Control of Transistors,” by 
J. N. Van Scoyoc and R. W. Bull, Armour 
Research Foundation, Chicago, Il 
Particle Size De- 
Fechniques,” by 


Accurate Volumetric 
termination by Electronic 
R. H. Berg, 
pany, Chicago, Hl 


Process Control Services Com 


Farm Electrification Conference 


To Be Held in Minneapolis, Minn. 


The AIEE Farm Electrification Confer 
ence, sponsored by the Farm Electrification 
Subcommittee of the Domestic and Com 
mercial Applications Committee will take 
place October 29-31, 1957, in Minneapolis, 
Minn. Sessions will be held at the Hotel 
Nicollet 

The tentative technical program for the 
conterence follows 


Tuesday, October 29 
8:30-10:00 a.m. Registration—Hotel Nicollet 
10:15 am. Morning Session 


Chairman: H. W. Kelley 
Administration, REA 


Rural Electrification 


Welcome to Minneapolis, 8. N. Witts, chairman 
AIFF Minnesota Section, Northern States Power 
Co 


official of Northern States 


Opening Address 


Power Co 
Intermission 


Ihe Program for the Meeting, H. W. 
REA 


Kelley, 


Status Report on Farmstead Wiring Handbook 
and Specifications. H. H. Watson, General 
Flectric Company 


Expanding Farmstead Wiring. C. P 
North Central Electrical League 


Wagner, 


2:00 p.m, Afternoon Session 
Chairman; T. H. Cline, Newark Stove Company 


Theoretical Factors in Rural System Planning. 
D. N. Reps, Westinghouse Electric Corporation 


Practical Factors in Rural System Planning. 
Harry Dewar, Patterson and Dewar, Engineers 


Intermission 


Improving Service Reliability on Rural Lines. 
L.. B. Crann, REA 


Loading of Distribution Transformers. West 
inghouse Electric Corporation 


Wednesday, October 30 


9:00 a.m, Morning Session 


Chairman: Russell Gingles, NEMA Farm Elec- 
trification Bureau 


Diversity of Farm Loads. Landy 
Department of Agriculture 


dltman, U. §. 


Characteristics of 
Farm. / 1 


Electrified Experimental 
Brooks, University of Wisconsin 


Intermission 


The Use of 
BH Miartin 


Electricity for Space 
Tennessee Valley 


Heating. 
Authority 
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Heat Pump Application on the Farm, Leon 
Boyce, Kansas City Power and Light Company 
(tentative) 


Afternoon Session 


Chairman: S. N 
ota Section 


Witts, chairman AIRE Minne- 


Inspection tour 


Thursday, October 31 
9:00 a.m. Morning Session 


Chairman: J. H. Oliver, General Electric Com- 
pany 


Rural 
deputy 


Electrical Safety and 
R. E. Ward, chief 
State of Tennessee 


Installations. 
wiring inspector, 


Inflated Temporary Structures for Farm Use. 
L. W. McConnell, Indiana and Michigan Elec- 
tric Company 


Analysis of Secondary Voltages for the Farm. 
H, M. Bankus, General Electric Company 


Intermission 


Farm Production and Lighting. Ervin Baker, 
Sylvania Electric Products Company 


Automatic Handling of Feeds and Silage. Ralph 
Bowen, Wisconsin Power and Light Company 


Closing Address 


Petroleum Conference 
Scheduled for Sepember 9-11 


The 1957 AIEEE Industry 
Conference will be held in Philadelphia, Pa., 
September 9-11. Headquarters will be the 
Sheraton Hotel 

Ihe tentative technical program for the 
conference follows 


Petroleum 


Monday, September 9 
2:00 p.m. Production Session 


M. H. Halderson, chairman, Phillips Petroleum 
Corp 


CP.* An A-C Application to an Off-Shore Drill- 
ing Rig. G. P. Stetson, Delta Marine Drilling 
Company 


CP57-984. Classification of Hazardous Areas for 
Electrical Installations on Barges Employed in 
Drilling Operations in Lake Maracaibo, Vene- 
mela, J. C. K. Muhlenberg, Creole Petroleum 
Corporation 


CP57-982. Long-Span Transmission Lines for 
Lake Maracaibo Oil Fields. R. E. McCollum, 
Creole Petroleum Corporation 


57-978. Application of Direct Current Ma- 
chines to Oj Well Drilling. B. H. Hefner, 
Electro-Motive Division of General Motors 
Corporation 


2:00 p.m. Session on Electrical Applications 
in Pipeline Stations Powered by Gas 
Turbines 


M. A. Hyde, chairman, Westinghouse 
Corporation 


CP57-991. Electrical Control of Gas Turbines 
in Gas Transmission Service. KR. A. Yannone, 
Westinghouse Electric Corporation; F P 
Goertzen, Texas Eastern ‘Transmission Corp.; 
A. B. Niemoller, Westinghouse Electric Corpora 
tion 


Electric 


CP.” Auxiliary Drives and Power Sources for 
Gas Turbine Driven Natural Gas Pumping 
Stations. J. R. Hoffman. El Paso Natural Gas 
Company 


CP.* Functional Features of Intermediate Gas 
Turbine Pumping Units of Trans-Arabian Pipe 


* Conference Papers will not be printed by the 
Institute; however, they may be available at 
the meeting at the discretion of the author. 
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accompanied by 
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or coupons. All nonmember 
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NUMBERED 
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Line Company. P. P 
Line Company; A. ¥ 
( ompany 


Nibley, Trans-Arabian Pipe 
Hillman, General Electric 


2:00 p.m. Refining Session 
H. M 


CP57-973. The 
Petroleum Industry. 
Construction Company 


Stewart, chairman 


Engineer im the 
Crothers, Catalytic 


Electrical 


J. M 


Analyzes the 
Boice, 


CP57-989. The Industrial User 
Power Service. I Vb Swa n, ¢ 
c. I traun 


CP.* = Electrical 


Delaware Refinery. G. / 
( F. Braun and Campan 


ind Compan 


Tidewater 
B. Hecke 


Features of the 


Hlarn R 


Wednesday, September 11 


9:00 a.m. Production Session 


M. H 
Corp 
cr Leas 


Custedy Transfer with 
Meters. F. WV 


Halderson, chairman, Phillips Petroleum 


Metering and Lease Automatic 
Positive Displacement 


teach, Cities Service Oil Company 


Equipment 
General Elec 


CP. Lightning Protecton for 
Used in Oil Pields. ©. [. Gra/ 


tric ¢ ompany 


CP.* Oj Field Controls for Operation on Vol 
tages between 600 and 100 Volts. J. A. Howell 
Westinghouse Electric Corporation 


9:00 a.m. Session on Pipe Line Electrification 
Practice 


M \ Hyce chairman, Westinghouse Electric 


Corporation 


cr Application of Large Synchronous Motors 
Transmission Stations. fF. P 


Goertzen 


in Gas 


Texas Fastern Transmission Cory 


CP57-983. Operation of 
line Pumping Stations. / 1. Moore, The Ohio 
Oil Compan 


Fluid Drives in Pipe 
I 


Terminal Loading 
Electricity ( Hi 
Lakes Pipe Line 


Protection of 
against Static 
Hope, Great 


CP57-987 
Facilities 
Scru mm - 
Compan 

Protection Conditions in 
General Elec 


CP57-990. Transient 
Pipeline Stations. F. B 
tric Company 


Turner 


9:00 a.m. Refining Session 


chairman 


H. M 


CP57-986. Development of a 75-Mva Refinery 
Power System Involving Local Generation and 
Utility Supply. J. F. Pete n techtel Corp 
John Lindquist, Standard Oil Company of Cal 
fornia 

CP57-974. The Economics and Reliability of 
Electric Motors vs Steam Turbines in Oj) Re 
fineries. / B. Edd Universal Oil Product 


Compan 


Stewart 
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Petroleum Re 
Vascaré Atlantic 


CP57-981. Basic Lighting for 
fining Process Units. I). O 
Refining Company 


CP57-972. Economic Justification for Corrosion 


Resistant Electrical Materials. J]. M. Bryan 
Humble Oil and Refining Company 


New Revision of 
AIEE Standard No. 1 


A new revision of Standard No. 1 and new 
Guides for Thermal Evaluation of both ma 


terials and systems, ID and IE, have re 


been issued by the Standards Com 
mittee of AIEEE. Co-ordinating 
No. 4 started this work 


ship was appointed in the spring of 1955. It 


cently 
Committee 
when new member 
held its first meeting in 1955 at the Summes 
General Meeting 
Ihe fact that new materials and r 

methods of assembly had destroved the value 
of the old material classifications to a large 
degree made it necessary to replace them. At 
the same time, until necessary approvals of 


thermal evaluation tests on new materials 


or new systems can be obtained, provision 


lor retention of the old classifications until 
superceded is made. If system characteristics 


are approved and specified by the proper 


Technical Committees, provision is made 

for their proof by test in the future 
\lready, such specifications have been pro 

enameled wire, and 


vided, for motorettes 


dry-type transformers, for 
Work on other 
for other rotating machinery and oil insu 
lated 
will be of great valuc, to permit the use of 


power example 


specifications is In process 
transformes It is hoped that they 


materials to the best advantage and to pro 


vide better knowledge as to the load capa 
lo take 


bilities of many types of equinment 
intage of these possibilities, it is felt 


full ad 

that many ars ol development ork te 

ihead for many Technical Committees 
The work 

C,uide, Ik, has not 


1s hoped that it will be 


is not entirely complete is one 
been completed, but it 
ivailable shortly. It 
provides for methods of obtaining and ana 


! precision desired 


lvving data to obtain the 

It would be greatly appreciated if the ne 
procedures are studied and commented upon 
at a technical session which, it is hoped, will 


held in the Fall 


to le 


“Computers in Control” 
Will Be Theme of Symposium 


Computer in Control” ill be the 
theme of a symposium at the Chalfont 
Haddon Hall Hotel in Atlantic City, N J 
October 16-18, 1957 T hve 
AIF E Feedback 
tems Committee with participation by the 
Radio Engineer IR} Pro 
fessional Group on Automatic 
Mechanical 


truments and Regulators Division 


conterence spon 


sored by the Control § 
Institute of 
Control and 
the American Society of bngi 
ture 
SSR, Pelegrin of 


England and emphasize 


participation by 1 skin of 
France, and Barker 
ind Blackman of 
digital and imalog 


e use of compute 


is elements of feedback control 
tems and as utilized in the desien of 
fem 


I he opening 


In filwute 


noon will be followed — by i banquet 


Wednesday 


October 17 will culminate in 


evening Technical sessions on 
a panel dis 
cussion Thursday evening on the topic 
“Pitting Computers into Control Systems 
Harold Chestnut blectric 


with General 


moderator and  includin 
participation by | W. Grabbe of 
Wooldridge l James of Du 
John Moore of Autonetics Division of North 


Friday 


Company as 
Ramo 


Pont inal 


American morning will be devoted 


closing technical sessions 


to the 


papers t tn 


\ portion of the presenter 


conterence are ay 


\IEI Ihe 
ill published Iyy the 


at the tilable in) prept 


form from the Proceedings 
the Conterenc 


\IEI 


ference 


during the first part of 1958. Con 


arrangements have been 

consisting of Mir. Cle 
\cddam Kegel of Westinghouse 
Corporation John Ragavzini of 
Mishkin and 


both of Polytechiunt 


a commiltes tril 
Mr. Grabhe 
Llectri 
Columbia University, and I 
Chairman J]. G, Truxal 


Institute of Brooklyn 


AIEE Maine Section 


Announces New Otfhcers 


enn 
\lbt 


ittendance 


The third annual alternoon and 
meeting of the Maine 


was held June 19, 195% ith 


Section ot the 


exceeding 150 
The afternoon session included three tech 
nical meetings on the tollowtng topu 
Characteristics and 
Voltage 
F. J 
Cypal 
plained by J. B. Baker, We 


tric Gorporation ana lo See Whe 


Application of 
Protective Device dlescrtl 
C,eneral bklectru 


Shields Company 


Industrial Control Systeme ‘ 


Cen ricriise 


Cant Be! a lecture and demonstra 

closed circuit television presented by W 

Broughton, General Electric Compan 

Lhe tact program tel demo 
I he Westingho 

Mi Catherme Baird 


ne Ve 


tration of 
Oven’ by bhconvee 


ce SUpervVisol Central 


pal 

\ social 
mnouncement ot the to 
( | Mont 
chairman; I \W Burt 
ih l Payine issistanel 
WwW W burner 


thot 
i} 
Ww 


Seti net 
Caommittes 
pumior member at-large 
rrhities 
lhe «¢ 


| 
ening acre 


dom Ca 


COMMITTEE ACTIVITIES 


This departmer 


Fprror Nom! 
created for the convenience of ti 
Wh technical committees and wu 
reports of committee 
tis department hich 
possible hhould be for 


(kk Headqua 
York 18 


(,ardner at 


jth Street, Neu 








West 
57-496 
57-530 


57-532 


57-53% 
57-538 
57-575 


57 408 


57072 


97-75% 
57-805 


57 2 





Conference paper listed below have been accepted for AIEF 


Secretary tor 


Conference Papers Open for Discussion 


Transactions 


and are now open for written discussion until September 26 Duplicate double 
spaced types 


ritten copies of each discussion should be sent to E. C, Day, Assistant 
Technical Papers 
Yih St., New York 18, N. ¥ 


American Institute of Electical Engineers, 33 
on or before September 26 


Stray Load Losses and Stray Torques in Induction Machines. A. M. 
Odok 
Orthomagnetic Current Transformers for Laboratory and Factory Test- 


ing L.. W. Marks, G. Camilli 


The French 380-Kv System Measurement of Corona Losses on Trans- 
mission Lines Under Normal Operating Conditions. fF, M, Cahen, J. M. 
Carleron 

Some Aspects of Surface Voltage Gradient on Power Transmission Lines. 
HB. Duaight 

Analog and Digital Computers in the French Electric Power Production, 
Fransmission, and Distribution Industry. /. M,. Cahen, |, M. Carteron 
Expanding System Requirements Indicate Need for More Severe Ar- 
rester Tests. G. F. Lincks 

Unbalanced Loading of 3-Phase Transformer Banks. §. W. Anderson 
Economic Comparison of Switched Capacitors and Voltage Regulators 
for System Voltage Control, W. 8. Ku 

Basic Concepts in the Design of Electric Bus for Short-Circuit Condi- 
tions. 1. ©. Bates 

Station Control Circuitry with Microwave Relaying. 3B. F. Wirtz 
Insulation Phenomena of Compressed Air. L. D. McConnell 
Transformer Oil Preservation. /. Rh. Meador, N. FE. Dillon 
Two-Year Lightning Experience on $45-Kv Lines. H. L. Rorden, E, 8, 
Zobel, G. D, Lippert 

Rating of Autotransformers Having Three Windings. £. 7. B. Gross, 
Robert Bolger 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers, 
if accompanied by remittance or coupons, Please order by number and send 
remittance to: AIEE Order Department, 33 West 39th St, New York 18, N. ¥ 








AIEE 


PERSONALITIES 


8. M. Osthagen (AM ‘47, M ‘54), district 
manager in Providence, R. 1, for the Allis 
Chalmers Manufacturing Company, has 
been elected by the Board of Directors to be 
vice-president of the newly created ATEF 
Northeastern District No, 12 which includes 
the six New England states. Mr. Osthagen 
was graduated from Wentworth Technical 


Institute, Boston, Mass., with a certificate in 


at) 
Courtesy Roberts Studio 


S$. M. Osthagen 


electrical engineering. For the past 15 years, 
he has been associated with the Allis-Chal 
mers Manufacturing Company, Mr. Ost 
hagen leas been active in various committees 
of the Boston and Providence Sections of 
the AIFE. He was appointed secretary-treas 
urer of AIFF District No, | as of August | 
1956. He has served on the AIEE Public 
Relations Committee since 1955. Mr. Ost 


Courtesy Blackstone Studios 


L. F. Hickernell 


Institute Activities 


hagen is a member of the Providence Engi- 
neering Society and is a registered profes 
sional engineer in the State of Rhode Island. 


L. F. Hickernell (AM '25, F '34), chief engi 
neer of the Anaconda Wire & Cable Com 
pany, Hastings-on-Hudson, N. Y., has been 
appointed vice-president—engineering of the 
company. In his new post, he will have full 
responsibility for directing the engineering, 
as well as the research and development ac 
tivities of the company. A graduate of Grin 
nell College and the Massachusetts Institute 
of Technology, he joined Anaconda at Hast 
ings-on-Hudson in 1931, and has been chief 
engineer since 1933. Mr. Hickernell, who is 
the newly elected treasurer of the AIRE, has 
been a member of numerous Institute Com 
mittees and has served on the AIEE Board 
of Directors since 1953 


Ernst Weber (AM ‘31, F '34), vice-president 
for research at the Polytechnic Institute of 
Brooklyn, has been appointed acting presi 
dent, A native of Vienna, Austria, Dr. Weber 
joined Polytechnic’s faculty in 1930 as a 
visiting professor. In 1931, he accepted the 
permanent position of research professor of 
electrical engineering in charge of graduate 
study. He later became head of the depart 
ment of electrical engineering. In January 
1957, he was named vice-president for re 
search. He will retain his post as vice-presi 
dent. Dr. Weber holds more than 50 Amer 
ican, Canadian, and British patents in the 
field of microwave techniques. He was re 
cently appointed a member of the Army 
Scientific Advisory Panel. He is a fellow of 
the Institute of Radio Engineers and the 
American Physical Society. Dr. Weber has 
served on numerous AIEE Committees 


Morris Rubinoff (AM '52), associate profes 
sor in electrical engineering at the Univer 
sity of Pennsylvania has joined the Govern 
ment and Industrial Division, Philco Cor 
poration, as manager of digital computer 
engineering. Dr. Rubinoff has served on 
the AIEE Computing Devices Committce 
(1954-57) 


Wallace Millar (AM ‘25, M 48), manager 
for the Construction Industry Division, 
Canadian Westinghouse Co., Ltd., Van- 
couver, B. €., Canada, has retired from the 
company 


I. L. Cooter (AM "42, M48), acting chief 
of the Magnetic Measurements Section at 


the National Bureau of Standards (NBS), 
has been appointed chief of the section, 


Ernst Weber 


ELECTRICAL ENGINEERING 





D. E. Allen (AM '25), vice-president, sales, 
Anaconda Wire & Cable Company, New 
York, N. Y., has been elected to the 


of directors of the company 


board 


L. D. Barre (AM °52). sales 
for R T & E 
Washington 


representative 
Corporation in the State of 
has been assigned to the posi 


tion of assistant to the vice-president 


8S. L. Chaikind (AM '51) 
keting, Standard Electronics Corp 


manager of mar 
has been 
appointed market research analyst for the 
Burndy Corp Nor 


Omaton Division of 


walk, Conn 
R. W. Kunkle (AM ‘49 
manager, A. B. Chance Co 


M '57) engineering 
‘ 

Centralia, Mo 

has been appointed manager of program 

development of Midwest Research Institute 

Kansas City, Mo 


M. A. Moscarello (AM 52), engineering 


partment head, Ford Instrument Company 


Division of Sperry Rand Corporation, has 
been named engineering director for mat 


ne CQtipine mi 


W. M. Trigg 
Westinghouse 


(AM "52) 
Electric Corporation's metals 
Blairsville. Pa., has 
Westing 
motor department in Buffalo, N. Y 


manager of the 


development plant at 
been appointed manager of the 


house 


R. L. Wilson (M °35), sales engineer 
Copper 


Phelps 
Dodge Products Corporation, has 
been appointed Philadelphia (Pa.) district 
manager and will be responsible for all 
sales of the fabricating company in that 


OBITUARIES 


Vivian James Foxton Brain (AM ‘22, M °32) 
chairman of the Authority of 
New South Wales 
recently, Mr 


Electricity 
Sydney, Australia, died 
had served as local 
Institute in Aus 
tralia. He was born in Wollongong, New 
South Wales, Australia, on August 26, 1896 
ble received a 


honorary secretary of the 


bachelors degree in 
engineering (electrical and mechanical) with 
first class honors trom the University of 
Sydney in 1922. After graduation, he came 
to the United States where he was asso 
ciated with the General Electric Company 
Schenectady, N. Y., in the construction en 


gineering and the central station engineer 


V. J. F. Brain 
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ing departments. He also was employed for 
#2 short time in the operating department of 
the Alabama Power Company. In 1925, he 
joined the New York Edison Company as 
assistant engineer in the electrical engineer 
ing department. In 1929, after returning to 
Sydney, he was appointed chief electrical 
Public 


Brain was appointed 


engineer of the Department of 
Works. In 1946, Mr 
chairman of the Electricity 
in 1950 


Commission 


Authority and 
vice-chairman of the Electricity 
serving im these 
until his death. Mr. Brain had for 


vears taken an active interest in a number 


capacities 


many 


of organizations associated with the elec 
trical industry. He had been associated with 
the Electricity Supply Association of Aus 
tralia since 1929, serving as president, 1942 
14. He was a vice-president of the Electrical 
and Radio 
1955. Mh 
Authority and the Institution of Engineers, 
\ustralian National Coun 
CIGRI He was chairman of the 


Svdnev Division of the 


Development Association in 


Brain represented the Electricity 
\ustralia, on the 
cil of 
Institution of Engi 
neers, Australia, in 1935 and president of 
the Institution in 1951. Mr. Brain was the 


overseas representative of the Institution 


of Electrical Engineers, London 


Noah Steiner Amstutz (AM ‘O02. Member 
for Lite), research engineer and patent at 
torney, died recently at the age of 9. Dr 
Amstutz, a pioneer in the fields of television 
transmission was born in 


November 5. 1864 


and facsimile 
Smithville, Ohio, on 
he had served as a mem 
faculty of the Ina.) 
School of Law. He received a 
doctor of science 


sitv in 1947. Dr 


During his career 
ber of the Valparaiso 
University 
degree from that univer 
Amstutz was a fellow and a 
life member of the Royal Society of Arts 
London, England, and was a member of nu 


merous other scientific organizations 


William Ralph Bullard AM °16, M °26 
F ‘51, Member for Life) 
engineer, Ebasco Services, Ine New York 
N. Y., died recently, Mr 


in Snowville, Va.. on September 24, 1892 


retired electrical 
Bullard was born 


He entered the General Electric Company 
lest Course in 1912. From 19L5 to 1925. he 
Light 
Company and the New York 


System. In 1923, he be 


was associated with United Electric 

Power 
Edison Company 
came an assistant electrical engineer for the 
Bond & 
electrical engineer for 
ices, Ine in 1955. Mr 


author of numerous technical papers and 


Flectric Share Company. He was 


mac E.basco Sery 


Bullard was the 


articles. He had served on the 
AIFE Committees; Insulated 
(1947-57) 


(1955-57), and 


following 
Conductors 
Transmission and Distribution 


joard of Examiners (1954-57) 


Laurence Warren Codding (AM '26 
electrical engineer, Ebasco Services 
New York, N. Y., died recently. He was 58 
years old. Mr. Codding was born in Massa 
chusetts on January 21, 1899. He was grad 
uated from Massachusetts Institute of 
Technology with a B. S. degree in FE. FE. in 
1922, and later Rutgers 
Law School. After graduation in 1922. he 
Public Service Elee 
Newark N He 


joined Ebasco Services, Inc., in 1946 


graduated from 


was employed by the 


tric and Gas Company 


Tristitute Ieofivitre 


Charles H. Jones (AM ‘12, Member for Lite) 
vice-president and general manager of the 
Chicago, South South Bend 
Railroad, died recently at the age of 70. Mr 


Shore and 
Jones was born in Chicago, HL, on January 


+. 1887. He was graduated from Illinois 
Technology in 1909. For 31 
years, he had been general manager of the 


Chicago, South Shore and South Bend Rail 


Institute of 


road. He had been a vice-president of the 


line since 1939 


John Andrew Koontz (AM ‘11, M “20, F O49 
Member for Life), consulting engineer, died 
recently. Mr. Koontz was born im Aztec 
N. Mex., August 27, 1885. He 
se from Stanford University in 
1908 and the E. FE 
graduation, he was employed by the Great 
Western 


with the Pacific Gas and Electric Company 


received the 
degree 
degree in IOI. After 
which merged 


Power (¢ ompany 


in 1930, He retired in January 1951 and did 
consulting work until the time ot his death 
Mr. Koontz was a member of Tau Beta Pi 
Sigma Ni, San Francisco Electric Club, and 
San Francisco Engineers’ Club. He had 
following AILEI 
[Transmission and Distribution 1920-25) 


(1951-33), and Power Genera 


served on the committees 


Membership 
tion (1940-45) 


AM ‘20. M "25. F 'S0) 


chairman of the board and former president 


Hudson Roy Searing 


ot the Consolidated Edison 
New York, died recently. Born in New York 
N Y Mi graduated 

Cooper Union in 1916 with a B.S. degree in 
FE. FE. He 


bilison 


Company of 


Searing was from 


began his career with New York 


Compan i predecessor of Con 


elected « 


solidated Edison. He wa cecutive 
vice-president in 1944, and president in L949 
In 1955, he became chairman of the board 
Mr. Searing was a member of Tau Beta Pi 
Hie had served on the followin AILE Com 
mittees: Standards (192%-25) Conte 
(1930-31). and 


020.44 
tion 1932-55) 


Satet 


Pransmission and Distribu 


AM 0 I 4 


retired consulting en 


Francis Henry Shepard 
Member for Life) 
gineer, died recently at the age of + Mi 
Mason Cut 
traction tor the 


Manutacturing 


Shepard was born in lowa 
heavy 


Electric 


\s director ot 
Westinghouse 

Company a position he assumed in 190% 
and held for many years, Mr. Shepard up 


Amer 
ican railroads 1932, he left Westing 


ervised the electrification of several 


house to establish himself a i consulting 
engineer Hic was a member of the New 
York Society of Professional Engineer ma 


the Engineers Club of New York 


Humphreys Oliver Siegmund (AM ‘19. M 
14 I 1) development engineer tor the 
Laboratorie 


Bell Lelephone York, 
N. ¥ died recently. He was 61 old. 


CoORRPOTIO On page 40 of the June 1957 


i Engineer the 


issue Of Llectrica suthor 


Inherent Current, Voltawe ar 
Mac 
Reterence No. |, tor 
article Old ideas and Later 
cre inadvertently omitted, The ane J 
Mactarlane J}. W Mactarlane, and W 


Miactarlane \ lustin contributed 


of the paper 
Speed Control in Dynamo Electri« 
ers listed) «as 


entiotr 


discussion ot the paper 





Louis, Mo 
on August 24, 1895. He attended the Uni 
versity of Illinois where he received the B.S 


Mr. Siegmund was born in St 


gree in ELBE. in 1917 and the E.b. degrec 
n 1926. He joined the Bell Telephone Lab 
oratories as a member of the technical staff 
in 1925 Mi 


ents and was the author of several technical 


Siegmund held numerous pat 


papers. He was a member of the American 
Sigma Xi, Tau Beta Pi 
Phi Kappa Phi, Eta Kappa Nu, and Sigma 
lau 


Physical Society 


Hugh A. Triplett (AM ‘18, M ‘21, F ‘48 
Member for Life), director of research, Lit 
thefuse Co., Des Plaines, IL, died recently 
Hie was 64 years old, Mr. ‘Triplett was born 
in Atlantic, lowa, on March 12, 1895. He 
was graduated from the Milwaukee School 
of Engineering in 1915 and received an hon 
ovary EB. EB. degree from the school in 1942 
During his career, Mr, Triplett was asso 
ciated with several firms including Henry I 
Schweitzer and Conrad 
Inc., and the A. B, Chance Company, He 
held numerous patents 


Doherty Company 


MEMBERSHIP 


Recommended for Transfer 


the Board of Examines ut its meeting of 
July 18, 1957, recommended the following ap 
plications for transtet Any objection to thes 
hould be filed at once with the sec 
Trstitute A 
reasons for such objections must be turnished 


transter 
retar of the tatement of valid 


mad will be treated as confidential 


To Grade of Member 


Anderson, W K msociate professor of elec 
trical engineering, California State Poly 
technic College, San Luis Obispo, Calif 

Anderson, S. W enginecring consultant, Mid 
dle West Service Co Chicago, Hl 

Antall S cnginect, General Electric Co 
bort Wayne, Ind 

Astin, J. S., manager 
Westinghouse 
Cali 

taker, J. F iles engineer, General Electric Co 
Atlanta, Ga 

Karclay, W. I iL 
Westinghouse 
N.Y 

Barrett Smith T. L. member technical staff Bell 
lelephone Laboratories New York N.Y 

Bate Bb. W., research engineer, Boeing Airplane 
Co,., Seattle, Wash 

Bergman, | I 
Airplane Co 

Berkheiser, HA 
lindiana XN 
Wayne Til 

iewa, B. ¢ product engineer, General Electr 
Co., Fort Wayne, Ind 


Biringer, P. PL, professor of electrical engineer 


witchgear & control engg 


Flectric Corp Sunnyvale 


transportation supervisor 
Blectric Corp New York 


cnginecering designer 
Seattle, Wash 

division supervising engineer 
Michigan Electric Co hort 


Bocing 


ing, University of Loronto, Toronto, Ont 
Canada 

Blankmeyer, W. H., communications cnginecr 
Ihe Montana Power Co Butte Mont 

Borchelt M I clectrical engineer, Central 
Power & Light Co., Corpus Christi Lexa 

Brown K Dd representative Allis -Chalmer 
Mig. Co., Spokane, Wash 

Burak, BF. J., associate electrical engineer, Public 

Lighting Commission, Detroit, Mich 

Carroccio, M. | pplication engineer 
Flectric Co., Fort Wayne, Ind 

Coburn  o Ji overhead = lines 
Reynolds Metals Co., Louisville, Ky 

Cratin, P. 3} chief, electrical section, U. § 
Corps of Engineer Little Rock, Ark 

Cunningham, G. W 
eval Electric Co., Dallas, Texas 

Davis, I B., engineering & service supervisor 
Westinghouse Electric Corp., New Orleans 
La 

Dover, ( I asst. chief electrical engineer, Steel 


General 


enginect 


ipplication engineer, Gen 


818 


Co of 
Canada 

Fllitrit, BE. V., division engineer, Commonwealth 
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should so notify the Secretary before September 
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Michigan Bell Telephone Co Detroit, 
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Continental Electronics Mfg. Co., Dallas, 
Texas 


engineer, Sargent & Lundy, 


Moloney elec 


Company, 
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OF CURRENT 


AERIAI VIEW of 
telescope built 
for Manchester Uni 
versity to ¢ v plore the 


radio 


shies by reaching into 
space a_ distance of 


billion light 
years and to follow a 


some 1 


Star in its course across 
the shies com ple tely 
automatically. 


Giant Radio Telescope Is 


Near Completion in Great Britain 


THE GREAT SIZE and uniqueness of the 


Jodrell Bank radio telescope, the most sen 
sitive short-wave radio receiver yet con 
structed and also the most far-reaching 
transmitter is an example of outstanding 
engineering skill. 

Justification for this great scientific steer 
able instrument arose from the important 
results obtained from a 218-foot “fixed” 
paraboloid reflector facing upwards, con 
structed of thin wires stretched on tubular 
scaffolding 

The possibility of producing a full steer 
able telescope having a reflector as large as 
could be provided within reasonable limits 
of expenditure and with the essential re 
quirements that the reflector be sufficiently 
accurate to deal with radio wavelengths of 
the order of one meter, with a correspond 
ing accuracy of directional control was the 
goal set. Subsequently, in order that the 
apparatus could be used to receive and 
considerably 


transmit on wavelengths 


shorter than one meter, major modifica 


tions to the design were carried out 


Problems Involved 


Ihe telescope as now constructed has a 
reflecting surface of steel plates which will 
be suitably painted to prevent a serious 
concentration of heat at the focus during 
solar observations, but at the same time 


provide a high degree of diffuse reflection 
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to prevent the overheating of the reflecting 
membrane itself. The reflecting membrane 
is built up of sheets continuously welded 
continuously 


to one another and also 


welded along their edges to the support 
ing structure This form of membrane 
highly 


electrical conductivity as well as a continu 


provides a satistactory degree ol 
radiations 


vhich the 


ous shield against extraneous 


from behind the direction in 
telescope is pointing 

Ihe speed of rotation of the telescope 
and, more particularly, the rates of acceler 
ation are so low that the power required 
on account of the mass of the instrument 
is only a small proportion of that needed to 
control wind forces 

The forces resulting from wind acting on 
a bowl 250 feet in diameter which might 
be facing in any direction were a matter 
of great concern, and vital information was 
obtained from experimental work carried 
out by the National Physical Laboratory in 
i wind tunnel 

Although a maintenance staff is required 
to look after the telescope, its operation can 
” completely controlled by one person sit 
ting at a desk carrying all the operating 
knobs ind surrounded by banks of in 
struments giving full information regarding 


its direction and movements contained 


in 
t building some 200 yards away 
An underground tunnel has been con 


structed from the basement belo the con 


Of Current Interest 


INTEREST 


trol room to an annular chamber surround 
ing the center pivot of the telescope Thi 
tunnel is large enough for pedestrian use 
racks on hich = the 


and = carrie power 


cables, control cables, and radio cables are 


laid 


Four major problems taced ere 1) to 
design a reflector 250 feet in diameter which 
vould keep its shape ithin close limit 
during rotation and under the effects of 
considerable variations of pressure and ten 
perature -) to provide a driving mecha 
nism sufficiently powerful to control the 
telescope under any foreseeable ind con 
J 


ditions; (3) to produce a method of control 


of the driving system so that the telescope 
vould automatically follo m poine 
space irrespective of the rotation of 
earth and the movement of the 

around the sun, together ith facilities fo 
scanning predetermined areas in pace and 
tracking moving object and (4) to produce 


' 


a desien which would he carried out | 


constructional firms and machines manu 


facturers, none of whom could have had 
previous experience in building a motile 
ipparatu of such magnitude 

j 


The engineering problems can be 


classified as tructural mechani 


electrical 


Steel Chosen 


Steel was the irrefutable favorite becaus 
it has the greatest strength per unit of cost 
with a relatively low coefiicient of expan 
sion al ital consideration in connection 


vith maintaining reasonable accurac of 


shape without ime oot er complicates 


temperature compensating dev ie Steel 
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British Information Service 


CONTROL DESK, showing the many intricate 
component dials and meters which will gather 
and record the information garnered from the 
radio telescope seen through the windows. 
Size of the steel structure which weighs 2,000 
long tons can be realized by comparison with 
windows of laboratories at sides of axis 


ilso has a considerably higher modulus of 


elasticity than aluminum alloys and = the 


greater weight of steel adds stability to 


the entire apparatus against the overturn 
ing effects of wind and also helps to combat 
the eflects of sudden gusts 

\lthough the total weight of the moving 
part approximatels ? OOO fons--is hot 
large hen 


fixed 


i a whole i i vreat 


compared with examples of 
tructural engineering, the framework 
credit to” British 
orkmanship 

There are a number of outstanding me 
chanical and electrical engineering features 
Phe center pivot holds the telescope on the 
rails and prevent ide movement 
Phe trunnions 
hich the 


md can, in fact, be 


md trunnion bearings on 


reflector structure itself, revolves 


completely inverted 


thus forming the largest domed roof in the 


orld, are of special interest These are 


pherically mounted split' roller bearings 


ind, like the center pivot, were specially 


lesigned for the telescope Fach bearing is 
taking a combined dead load 


1,000 tons 


capable ol 
and wind load of approximately 
frictional resistance 


with a minimum of 


The split type of casing was adopted so that 
the rollers and their cases could be replaced 
future 


if necessary in the without a major 


dismantling of the telescope, 

The bogies (weight carrying wheels), on 
which the 2,000 tons weight of the tele 
hardened rails 
have 48 


Fach roller bears on two rails 


scope rotates on specially 


laid to close limits ot accuracy 
rollers in all 
ind is slightly conical to compensate for the 
different radii of the tracks, The telescope 
is driven around its vertical axis by electric 
Electric 


independent 


motors geared to 16 of the rollers 


motors operating through 


year - boxes also rotate the reflector in ele 
vation, and are situated at the top of the 


two main bearing towers 


Mechanisms Used 


The infinitely variable movements of the 


telescope on its two axes ar achieved by 


two Ward Lennard type motor generator 
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sets situated in a substation which rotates 


with the instrument immediately over its 


center pivot These generators supply 


variable amounts of electric energy to the 
driving motors while the generators them 


selves are controlled from the combined 
mechanical and electrical computer system 
situated in the main control building. 
When the telescope is being used to re- 
from outer space, the 
energy concentrated on the 
acrial at the points is extremely 
small. In to amplify and analyze 


these radiations before they are dissipated 


ceive radiations 
amount of 
fon al 


order 


or contaminated by local atmospheric dis 
turbances or man-made radio waves, it is 
desirable that the radio receiving set, which 
may roughly be compared to a_ television 
receiver, should be located as close as pos 
sible to the aerial 

For some purposes, the first amplifies 
will be immediately adjacent to the aerial 
at the summit of the 66-foot tower in the 
but the main ampli 


laboratory 


center of the bowl 


fiers are suspended in a steel 


hung immediately below the center of the 
bow! itself, 

This laboratory is suspended on trun 
nions in order to keep its floor level and 
is equipped with damping devices to pre 
vent uncomfortable oscillations due to the 
high winds to which it will be subjected 
The suspended laboratory can be reached 
by gangways from the top of each bearing 
tower, where further high level laboratories 
travel round with the azimuth motion of 
the telescope. 

Each tower 
senger elevator and also a hoist for han 


contains an electrical pas 
dling mechanical equipment to the motor 
rooms. Much of the high level mechanical 
and electrical equipment was installed un 
der difficult working conditions. Electrical 
cabling and wiring necessary to couple the 
built 
diesel electri« 


telescope to the specially extension 


of the Jodrell Bank 


station and also to connect every vital part 


pow cl 


of the telescope itself to the control build 


ing were installed under similar circum 


stances. 


Shipping Generator Stator 


Involves Rail, Sea, and Trailer Use 


ACCORDING TO THE MAPS, it is only 190 
miles from Schenectady, N.Y., to Boston, 
Mass., but for a giant General Electric Co 
generator stator that weighs as much as a 
herd of 47 elephants, it is a trip of nearly 
600 miles by rail, sea, and trailer 

Recently shipped for installation at the 
Boston Mystic River 


Mass was a 


Edison Co.'s powe! 
167 000 
which is part of a steam 


140,000) kw 


station Everett 


pound stator 
turbine-generator unit rated 


by the electric utility 


Details Planned Ahead 


Some two years of careful and detailed 
planning was necessary by traffic personnel 
in the company’s large steam turbine-gen 
crator 
of the 

Because of the unit's extreme weight and 


department to insure safe delivery 
electrical apparatus 

size—it stands over 13 feet high, is some 12 
fect wide, and is about 27 feet long—it was 
impossible directly to 
Boston 


clearances in tunnels, and construction of 


to ship the stator 


because of load-limits of bridges, 


railroad rights-of-way 


Railroad Transportation 


The enormous § stator from 
the plant and carried by the Delaware and 
Hudson Railroad to Jefferson Junction near 
Binghamton, N.Y., where the Erie Railroad 
took it over and brought the stator to its 
Marine Dock in Jersey City, N.] 

both 


special car were restricted to a maximum of 


was pulled 


Trains on railroads hauling the 
$0 miles an hour, and traveled only when 
The trip to 


Jersey City took about five days. 


the adjacent tracks were cleat 


Shipping Difficulties 


At Pier 1, the only Marine Dock which 
could bear the load, the stator was lifted 


Of Current Interest 


off the railroad car and placed on a barge 
Ihe lifting chore was performed by the 
Merritt-Chapman and = Scott 
Corp.’s derrick which is the most powerful 


Monarch, 


commercial floating derrick on the eastern 
seaboard 

With one tug towing the barge holding 
the stator, and another tug towing the 
Monarch, a voyage to Boston via Long 
Island Sound, Block Island Sound, Cape Cod 
Canal, and Massachusetts Bay, to Boston 
Harbor was made 

The entourage then crept up the Mystic 
River to the dock 


located near the Boston Edison Co.'s sta 


Monsanto Chemical Co 


Photo 


HUGE 467,000 pound generator stator is low- 
ered onto specially designed railroad car which 
has 16 wheels, 4 trucks, 8 axles, and can 
transport items weighing as much as 500,000 
pounds. 
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TILTED by tremendous weight, the Monarch—heaviest lift commercial derrick on the East Coast— 
uses nearly maximum lifting strength to raise the 467,000 pound generator stator into place on 
the deck of the derrick Catskill. Because of its weight, a regular ocean-going barge was not 
strong enough, and the Cafskill was used in this operation because of her reinforced hull. 


tion. Here the Monarch lifted the stator 
off the barge and placed it on a special 


a) 
a 


wheel trailer. 


Tandem Truck Tow 


Thus, the 48 hour chore of moving the 
stator the remaining mile and a half to 
the station was begun. Two 300-hp diesel 
trucks pulling in tandem towed the stator's 
trailer 

\ mile from the dock, the giant crossed 
Alford Street in Everett, Mass. Some 25,000 
board feet of lumber was laid on the street 
to keep the pavement from breaking up 
under the stator’s weight. This movement 
was accomplished in the early hours of the 
morning when traffic is lightest 

Once on the other side of the stteet, the 
stator was moved rapidly to the station’s 


apparatus entrance, 


Installed Capacity 


To better visualize the tremendous power 
of the complete steam turbine-generator 
unit when placed in operation, it can ace 
quately satisfy the average yearly electrical 
needs of some 23000 persons soston 
Edison Co. is the largest operating electri 
utility concern in New Fngland and 
serves 470,000 customers in Boston as well 
as 39 other cities and towns in the Greater 
joston area. The new unit will increase 
the utility's 
1,076,800 kw. 


generating capability to 


Recording of 
Atmospheric Radio Noise 


The National Bureau of Standards (NBS 
has set up 16 radio noise recording stations 


throughout the world as part of the Inter 
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national Geophysical Year (IGY) program 
These stations will record radio signals 
generated by the more than 50,000 thun 
derstorms occurring daily on earth I hits 
noise recording program, conducted by 
W. Q. Crichlow, R. T. Disney, and F. I 
Fulton, Jr., of the NBS Boulder (Colorado) 
Laboratories Is expected to increase mans 
knowledge of radio interference and the 
propagation of radio waves through the 
atmosphere 

During the past year the atmospheric 
radio-noise recorder developed at NBS ha 
been accepted internationally as appropri 
ite tor use in a world-wide measurcinent 
program, These receivers provide continu 
ous recordings of the average power of the 
noise received on a standard antenna at 
discrete frequencies in the range trom 15-ke 
per second to 20-me per second, In addi 
tion, some have been modified to record 
also the iWwerage nome voltage imel sth 

ave ot the logarithm of the noise volt 
ie It has been shown that these three 
statistical characteristics of the noise pro 
vide a_ reasonably comprehensive picture 
of the physical nature of its amplitude dis 
tribution 

Some man-made radio noise 
tucied Ho ‘ 


ill be as tas 


ve recorded and 
of the recording site 
sible from these sources of interference 
For example, one station is installed 
Marie Byrd Base in the Antarctic h 

far removed from the radio noise of 
vation and from the belt of high thunder 
storm activity circling the equator. Infor 
vill be gathered at this base about 


the radio wave that travel long distances 


mation 


through the atmosphere 

The Antarctic site is also an ideal 
to study radio noise originating in the 
ind the stars. Moreover, the station is in 
side the auroral sone—the belt around the 


pole where the southern lights ippear dur 
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Future Meetings of Other Societies 


International Geophysical Year, 10 major 
physical field co-ordinated investigations 
Jul I, 1957 through Dec 1958, lt 5 
National Committee GY National 


Academy of Sciences, Washington 25 
Lb. ¢ 


Peaceful Atomic Energy Uses, 2nd U. N 
Scientific Conterence, Sep 1-15, Geneva 
Switzerland. Information Service, lt N 
Kuropean Office, Geneva, Switzerland 


IUGG, lith General Assembly, Sep 3-14 
University of Toronto campus Prot 
J. I. Wilson, Geophysics Lab. Univ. of 
loronto, Loronto 5, Ont Canada 


ISA, 12th Annual Instrument Automa 
tion Conference Sep 9-13, Cleveland 
(Ohio) Auditorium. fim Irving, 20 N 
Wacker Dr Rm. 3120, Chicago, Ill 


AIChE, Fall Meeting, Sep 15-18, Lord 
Kaltimore Hotel, Baltimore Mia } 0 
Henry, AICHE, 25 W. 45th St., New York 
N. ¥ 


RETMA (EIA), Numerical Control § 

tems Symposium, Sep 17-18, Ambassador 
Hotel, Los Angeles, Calif }. A. Caffiaus 
11 W. 42nd St., Rm. 650, New York, N.Y 


NBS Applied Physics Lab. (Johns Hop 
kins Univ.)-Catholic Univ. of America 
Free Radicals Symposium, Sep 18-20 
National Bureau of Standards. Dr. A. M 
Bass Free Radicals Research Section 
NBS, U. S. Dept. of Commerce, Wash 
ington 25, D. ¢ 

ASME, Fall Meeting, Sep 25-25, Hotel 
Statler, Harttord, Conn L.. S. Dennegar 
29 W. 39th St., Lith Floor, New York 


N ) 


Standards Engineers Society, 6th Annual 
Meeting, Sep 23-25, Hotel Commodore 
New York N y K I Nason » I 
eh Se Rim. 2624, Ne York N.Y 


S F.2 Regional lLechnical Conference 
Sep 27, Hotel Niagara, Niagara Fall 
=. Y KR. W. Miller bhillvic Canter 
Lewiston, N. ¥ 


Inter-Industry Farm Electric Utilization 
Council, 4th Annual Power Use Work 
shop, Sep 29-Oct |, Shirley-Savoy Hotel 
Denver, Colo wee Duncan, c/o hotel 


NACE North Regional Meetin nel 
Symposium Oct 1-4 Sherman Hotel 
Chicago, Ill A. B. Campbell, NACI 
1061 Mk M Bldg Houston 2, Lexa 


International Association of Electrical 
Leagues, 22nd Annual Conterence, Oc 
’-4,. Sinton Hotel, Cincinnati, Ohio Jol 
tiggi, 155 F 14 St New York 


AIME contact Headquarter 
St New York, N.Y 
Societ of Petroleum &) nee 
Meeting, Oct 6-9, Adolphu 
md = =Statler-Hilton Hotel 
lexa 
‘ of Minin / 
Meeting md Southeast 
Mining Conference, Oct 15 
boro and lampa lerrace 
lampa, Fla 
The Metallurgical Socie 
Metals Division stl Me 
J Morrison Hotel, Chic 


Protessional Engineers of Oregon 
ention, Oct 18-19, Fugene Hotel. R 
Carlson, Fugen Oreg 


Société des Radioélectriciens, Ultrahi 
Frequency circuit im Antennas ¢ 
ence, Oct 21-26, Paris, France 

rol 0 Ave Pierre-Larouss 


Seine France 











ing magnetic storms-—and thus will pro 


vide information on the effect this zone 
has on radio waves passing through it 

All data from the various stations will 
be forwarded to the Boulder Laboratories 
for analysi Ihe results of this study will 
not only provide valuable information 
about radio propagation and meteorology 
but also will establish an engineering basis 
for assigning frequencies to stations 
Another group active in advancing radio 
Radio In 
(RI IC) 
Angeles, 
military 
problems of 


noise control techniques is the 


terlerence lechnical Committee 
[his group was organized in Los 
Cali 


concern over the 


primarily as a result of 
INCTCASING 
radio interference in communication and 


guidance systems, Members of the organ 


vation are employed throughout — the 
United States as specialists in radio inter 
ference suppression 

Radio—electronic activity has been vastly 
increased in recent times, and has brought 
complex problems of noise interference in 
spheres ranging from aircraft’ communica 
tions, and transmission for guided missile 
navigation, to private television sets. It is 
the aim of the RITC to advance the sci 
ence of radio interference control through 
education and exchange of technical in 
formation 

Persons actively engaged in radio inter 
ference work are encouraged to join the 
group because RITC 


vital field, if radio interference is not sup 


feels that in the more 


pressed, it causes malfunction of electronic 


controls, radar, and the like, 


Aircraft and Missile 
Developments in the News 

fir Collision Study—A_ vesearch program 
aimed at development of a practical anti 
collision device has been launched at the 
Bendix Aviation Radio Division for the Air 
Research and Development 
(ARDC) of the U. S. Air 


pected that the final device should provide 


Command 
Force. It is ex 
maximum detection range to give ample 
warning and collision avoidance maneuver 
ing time at closure rate up to Mach 6, sur 
round the aircraft with avoidance informa 
tion in an essentially spherical shape, in 
clude a warning device to inform the pilot 
of other aircraft in the vicinity as well as 
specific instructions for avoiding the colli 
sion, have an autopilot or flight control sys 
tem for automatically executing collision 
avoidance maneuvers, be equipped in space 
2.500 cubic 


more than 50 pounds, and have an over-all 


not to exceed inches or weigh 
system suitable for all-weather use in air 
cratt with speeds up to Mach %.0 at alti 
tudes up to 100,000 feet 

Dectra “Electronic sky 


Navigation System 


tracks” to ease the squeeze on transatlantic 
air lanes in a long-range navigation system, 
now in operation on routes between New 
manutac 

Bendix 
Aviation, The system is called Dectra, and 


foundland and Scotland, will be 


tured by the Pacific Division of 
operates like a road map in the sky by auto 


matically plotting the exact course of a 
plane or ship, showing where it has been, 
where it is at any moment, and its heading 
Another 


shorter range system called Decca operates 


toward the desired destination 


in the same fashion, and planes flying the 


ROY 


Atlantic will use both the long- and short 
range units, Whereas present air traffic con 
trol systems require a lateral separation of 
120 miles between planes, the installaton 
of the Dectra-Decca system would reduce 
this to 30 miles or less 
Doppler Navigation Facts and Figures—The 
Department of Defense recently released 
from secret classification the facts and fig 
ures that have made history in air naviga 
tion where the Doppler system has been 
completely self-contained 
transmitting 
to the ground and measuring the 


utilized These 


units operate by microwave 
energy 
return reflection, thus giving the pilot all 
information 
In 1951, the first of 
these prototype units made by General Pre 


ground speed and drift angle 
needed for navigation 


cision Laboratory, Inc, (GPL), was installed 
in a US. Air Force B-29, Tests indicated 
that the accuracy was so phenomenal that 
relaxing some rigid specifications led to the 
development of another GPL Doppler sys 
tem called RADAN. These units utilize Janus 
techniques, i.e., looking forward and back 
ward at the same time, Non-Janus systems 
require knowledge of the position of the an 
tenna within 1/50th of a degree, whereas 
the Janus system allows knowing the verti 
cal position of the antenna within 2 degrees 
to produce the same within 0.1%, accuracy, 
with the AN/APN-66 unit installed, 
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C ) FLIGHT PATH WITH ORIFT COMPONENT, ANTENNA SERVOED 
TO GROUND THACK 


DRIFT STABILIZED antenna system (A) is shown, 
each hyperbola representing a line of constant 
Doppler frequency return. With a cross-wind, 
and the antenna fixed to the airframe (B), the 
two segments of the fore and aft beams will 
fall on different hyperbolas and, therefore, the 
Doppler return from the right beam will differ 
from that of the left beam. This difference is 
used as an error signal in the AN/APN-66 
system, to keep the antenna aligned with ac- 
tual ground track (C). 


Of Current Interest 


CAA Plan 
dures to be followed by civil and military 
Government 


fnnounces “SCATER” Proce 
aviation agencies, and other 
users of the airspace in the event of an air 
defense emergency were announced recently 
through the U.S, Department of Commerce. 
The Plan for the Security Control of Air 
Traffic and Electromagnetic Radiations 
During an Air Defense Emergency (scATER) 
was prepared jointly by the Civil Aeronau 
tics Administration (CAA), U.S. Air Force, 
Civil Aeronautics Board, and the Depart- 
ment of the Navy, in co-ordination with in 
terested civil aviation organizations. Its 
purpose is to “establish responsibilities, pro 
cedures and general instructions for the 
security control of civ and 
military air traffic, air navigation radio aids 
and aeronautical communications during 
an air defense emergency which will pro 
vide maximum utilization of aircraft by 
military and civil agencies engaged in essen 
tial operations.” Copies of the scarer Plan 
are available on request from CAA, Press 
and Publications Staff, Washington 25, D.C, 
Sky Platforms—The AC Spark Plug Divi 
sion of General Motors Corporation is pro 
ducing a called “sky platforms” 
which guides missiles or planes thousands 


nontactical 


device 


of miles over land, water, or ice automati 
cally and with phenomenal accuracy. ‘These 
guidance devices could be used in airliners 
and spaceships to provide guidance at any 
altitude, in any kind of weather, at any 
speed, and over any distance 
“Floating” Bridge Atlantic—A 
chain of bases located between the islands 
of St. Lucia and Ascension have been estab 
lished by the U.S. Air Force’s ARDC. These 
floating bases will fill in the missile track 
ing gap that exists in the ARDC’s 5,000 
mile missile test range. The range is used 
to test the Army, Navy, and Air Force long 
range missiles. The links are six “telemetry 
ships” which have been modified with spe 
record and 


Bases To 


cial electronic equipment to 
transmit data about missile tests to Cape 
Canaveral, Fla 

Jet Engine Vibration Monitored in Flight 

Safer trips for jet travelers and greater mis 
sion reliability for military pilots has been 
assured through the development of a sim 
ple electronic device which routinely picks 
out and measures selected vibrations within 
the inner recesses of jet power plants, both 
in flight and on the ground, Measurements 
are made of both turbine and propeller 
shaft vibrations when used on turboprop 
aircraft, The unit withstands 500 F heat as 
well as —65 F cold. A two-channel amplifier 
with two high-pass filters has one filter set 
at 135 cycles to exclude the vibrations made 
hy the low rotor section in order to check 
only the high-frequency vibrations identi 
fied with the turbine, bearings, and acces 
American Airlines will install the 
Sperry developed monitor aboard its Lock 
Electra propjet and its Boeing 707 
turbojet planes throughout its network. A 
warning light flashes if vibrations exceed 
prescribed limits. Vibration signals are am 


SOTICS 


heed 


plified and translated so that the informa 
tion is available to the crew on a dial set 
in the instrument panel in the cockpit 

Prospecting with Aerial Color Photographs 
—High-altitude portraits of mountainous 
and jungle regions taken with color film 
gives a bird's eye view of the earth struc 
ture in the United States and South Amer- 
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ica thus supplying geologists with direct 
clues to mineral deposits, which would take 


Ai 
for 


years to find on foot survey teams are 


busy mapping highways 


and looking for minerals all over the globe, 


regions new 
Airplanes of the P-38 type are used in the 


by the survey 
Color 


undetect 


high-altitude 
of 


used 


technique 
Acrial 


because 


teams Hycon Surveys, Inc 


able 


is color tones 


in black-and-white photography de 
note geological characteristics which aid in 
pinpointing oil and mineral deposits. Subtle 
color shadings in large areas of rock often 
reveal invisible deposits, Three-dimensional 


viewing equipment is used in studying the 
photographs 
lir Defense 


ful development of a 


sfem SUCCESS 


Weapon S 
versatile defense 
missile system designed to reinforce the low 
altitude capability of United States’ air de 
the 


has been announced by 


ol 


lenses Depart 


ment the 


Army. Designated HAWK, 
will 
dl capable of 


new alt ce fense weapon svstem 


carry a lethal, modern war-hea 
destroying attackers flying low 


if even 
altitudes 
of 


complement 


est ranges insuring eflective 


The 
high-altitude 


detended 
the 


protection areas HAWK 


will NIKE 
system 
Radar 


Maps 


may 


Made Flight 


revolutionized 


Ain 


by a 


in naviga 


be device 


called a radar strip recorder which presents 


a photograph of the ground beneath an air 
Pilots 
and navigators will be able to utilize the 


plane as seen by airborne radar eyes 
in 


formation thus garnered to navigate with 


pinpoint accuracy, instead of depending on 


memory hasty and calculations 


electronics and photography 


or notes 


device needs no operator combining 


to determine 
with ease 


without 


the airplane’s exact position and 


true path at any desired time in 


flighit relying on memory or radio 


equipment on the ground. An actual photo 
graphic record of radar information is made 
film 


on slowly 


Oo) 


a which 
looks at 

screcn 
12 


pictures the ground 


moving strip ol 
The 


over a Vv 


is 


inches wide observer a 
and 
The 
immedi 


looked 


0) seconds 


iewing 


9 | 


tran parency is 


able to see an image ry inches 


transparency 
ately alt of the airplane, exactly as it 
to high-precision radar just 
The 
long strip of film is slowly 
\ 
film record of the flight path results 
of the 


day 


pre 


viously film does 


the 


picture not change 


but yvound 


from one spool to another permanent 


ind an 


vhich 


ailable 


accurate picture rround below 


reliable both night is a 


the 


is or 
observer 


Bay 


industry 


to navigator, of 


Hluman 


pilot 
the Ii 


Cracking talion Sci 


rier 


entists specialists and 


education are preparing an experiment 


which seeks to crack aviation’s “human bat 


rier Psychologists, biologists, electronics 


and communications enginecrs it endo 


crinologist 


the 


and a physician are setting up 


project to test the endurance of pilots 


ind ¢ 
With 


sustained 


rew members on extended flights 


the development of aircraft capable 
flights of 


iirplan ) 


of long duration (po 


tential nuclear it supersonic 


well as 


heretofore 


speeds and high altitudes, as under 


environmental conditions never 


factor riust | 
Ach 


capabilities 


encountered, human ” viven 


greater consideration inced yveapons 


systems performance approacl 


instances the limits 
Phus t 1 


the 


mid 
ol 
to 


in some Surpass 


human capacity 


} 


HITh poe rative 


learn more about limits of human 


endurance ind’ capability ind to design 
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SUBSTATION, first 69- 
kv transmission line, on 
the Island of Hawaii 
All for the 
tie-line was supplied by 
General Com- 
pany. 


apparatus 


Electric 


future weapon systems within the capabil 


ity of the user, Although normal airplane 


12 the 


i 


flights seldom exceed hours experi 
will | full 


scale mock-up for periods of 120 hours each 


ment test crews contined in a 


behavior in 


S 


while the experts on human 
vestigate the effects of keeping a 5-man lt 
\ir in 
long a time. The 
Lockheed Aircraft 


ol experiments 


Human 


Force crew so small an area tor so 


ol the 


the 


Georgia Division 


Corporation 1s Site 
these 


Fly 


com 


Engineered Command Station 


ing missiles from ground 


mana 


supersonic 


stations is similar to driving a cat 


mile behind with a rubber 


Altes 


ros irch 


from a 
wheel 


steering 
two ol 


the 


years experimentation 


first completely “human 


has 


Deve lopme nt 


station 
\n 


ramiyet 


command 
Holloman 
x 
lo 
command 
of | 
the 


engineered been put 


Center, where the and other 


this steer 


ill 


less 


missiles flown shorten 
law, the 
cut the 


) 


ine 
ing station 


(1) 
than 


new 
chances to 


) COM pe sate 


Mtithathh Ccrreoy 


best ious sta 


ot feel 


riissile 


those « pres 


tions: ( for the loss 


that plagues the long-distance 


op 


erator by making it possible for him to 


rlance the 


the 


know at a single peed pitch 


bird me 
set of 


designed 


and acceleration of pre 


sent a scientifically arranged instru 


ments and controls, each analyzed 
ind positioned by a team of experimental 


supplic s 


psy hologists and engineers tation 


100 pieces of information to the controller 


only instruments ilmost 
his assistants. 
Re Problem 


research 


and 
Missile 
Force 

ha 
by 


Res An Air 
Lockheed X-/j 
| 


peed ever achieved 


entry a 


rocket, the 


reached the highest 


instrumented missile it 
the 


rocket 


any Vas i 


disclosed by 
I he 


pow erful missile 


States 


cently Department of De 


fense s-stage is the bigge st and 


most in existence in the 


cle to 


battling 


clopment 


and is igned aid 


of 


missile 


United in 


overcoming one the most obsta 


cles the cle 


that 


im program 


of the classic re-entry problem which 


prevents long-range missiles that tra el out 


to 


the earth itmosphere in a hi 


hpiurning 


back 


their destination from 
the 


I hie 


latest 


meteors when plunging into 


the high 


ot 


ur close to earth's surtace 


attained by this 


confirmed ¢ 


rate of reliability 


test rockets has alculation and 


thre iv toa 


been instrumental in showing 


itistactor olution relatively inexpensi 
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Kailua, Kona, on the 
jay of Kealekekua, and to furnish the west 
Kona Light and 


Power Company by the 69-kv tieline 


generator power at 


coast system of the old 

The tieline was planned and installed 
under the leadership and direction of W. H. 
Hilo Electric; William 
general manager of the utility, 


Hill, president of 
MacKenzie 
and Norman Lyman, general superintend 


ent of plants, General Electric Company 


Phillips and 


design and 


ipplication engineers C. I 
G. Bb 
installation work on the all GE 


Gilcrest assisted in the 
supplied 
equipment 


Remote Control for 


Pelevision-Radio-Phonograph 


A nes 


forms Il functions on a high-fidelity tele 


wireless remote control that per 


combination was 
Admiral 


ision-radio- phonograph 
demonstrated by Corporation 
recent! 

1). Siragusa, president, said that the 
was developed in’ the company’s 


hicago research laboratories alter three 

its work 

Operating through ultrasonic waves, Ad 
miral’s exclusive Son-r (pronounced sonar) 
dual remote control can turn the television 
wet on 
levels 
miatic 


on the AM or FM radios, and turn off the 


television, radios, of 


adjust the volume to four different 
change stations, turn on the auto 
record changer, reject records, turn 
phonograph, as the 
case may be 

The new remote control does not require 
lights, or cable 


tubes, transistors, batteries 


connections. Its high-frequency sound waves 
(48,000 to 42,000 cycles) are picked up by a 
microphone in the receiver and fed to an 


umplifier activating the relay system that 
operates the controls 

The lightweight Sona remote control is 
held in the hand and activated by pushing 
i button, One setting on the control wheel 
is for ON-OFF, another is tor switching from 
television to phonograph or radio, a third 
is for changing channels or rejecting ree 
ords, and the 
different 


radios, or phonograph 


fourth setting provides four 


volume levels on the television 


Co-operative Project 
Discovery of Element 102 


A joint research effort by scientists from 
the United States, Great Britain, and 
Sweden has led to the discovery of Ele 
ment 102 

The joint 
included from the 
Division of the U. S. Atomic Energy Com 
mission’s Argonne National Laboratory at 
Lemont, IL, the Chemistry Division of the 
United Kingdom’s Atomic Energy Research 
Harwell 
Institute for 


research team 


Chemistry 


international 
scientists 


Establishment at 
the Nobel 
Sweden 


England, and 
Physics in Stock 
holm 
Announcement of the discovery was 
made jointly recently by each of the three 
institutions in the United States, Great 
Britain, and Sweden 
clement was 


Ihe new produced — by 


bombarding curium, which is Element 96, 
with carbon ions accelerated in the cyclo 
tron at the Nobel Institute, 

The scientists who toox part in the ex 
periment—the first to lead to the discovery 


of an artificially created element by an 
research team—are 

Argonne, P. R. Fields, a group 
leader in the Chemistry Division, and 
A. M. Friedman, who is working at Harwell 
for one year under an exchange of U. S. 
Har- 


well, John Milsted, a chemist who last year 


international 
From 


and British nuclear scientists; from 
did research work at Argonne under the 
U. §.—I 
separate the curium used in the bombard 
Alan 
from the Nobel Institute for Physics, Hugo 
Atterling Wilhelm Forsling and 
Bjorne 


K. exchange program and helped 


ments and Beadle, a chemist; and 


physicist 
Holm, 


physicist 


Lennart chemists; and 
Astrom 

The United States, through the Argonne 
National 


rare isotopes of curium used in the experi 


Laboratory, provided the very 


ments, The curium was shipped to Harwell 
where Friedman, Milsted, and Beadle pre 
pared the targets for the experiments, Hat 
carbon-13$ 
which was used as the bombarding particle 
The Nobel 


fron, some 


well provided a rare isotope 


Institute provided the cyclo 
special equipment, and a staff 
of physicists, chemists, and technicians. The 


Admiral Corporation Photos 


INTERIOR VIEW of newly developed Son-r, seen 
above, shows finger pointing to the clapper 
which strikes a rod, emitting signals in the 
38,000- to 42,000-cycle frequency range. 
Wheel at the top of the mechanism controls 
this device. This recently demonstrated wireless 
remote-control unit, seen at left, operates a 
high-fidelity television-radio-phonograph com- 
bination console, utilizing 11 different functions 
at the touch of a button. 


Of Current Interest 


cooperation with Nobel Institute was 
started because the cyclotron at the Insti 
tute could provide the intense source of 
high energy carbon-13 ions 
necessary for the experiment 
group began experi 
ments in the cyclotron in March. First 
indications that the new element had been 
discovered were found a few days later 
The element was recognized by its unique 
nuclear properties—half life and radiations 
and by its chemical properties 

The group performed another series of 
experiments in April which confirmed the 
original findings. Similar experiments have 


which were 


The three-nation 


just been concluded confirming again the 
original discovery. At the 
the American and British 
proposed for the new 


suggestion of 
scientists, the 
name element is 
Nobelium 

Chis isotope of Element 102 thought to 
have an atomic mass number of 253 is very 
unstable, having a half life of 10 to 12 
minutes and emitting alpha particles. The 
preparation of the element and a study 
of its properties extends man’s fundamental 
knowledge of matter, 

Ihe target material which was bom 
barded in the cyclotron was in the form 
of a thin film of curium on an aluminum 
foil, placed in a specially fabricated probe 
in order that the recoils from the nuclear 
reactions could be caught on clean foils 
and identified rapidly. For the best results 
thin organic foils were used as catchers fo 
the recoil atoms. These foils were dissolved 
in a drop of acetone on a platinum plate, 
which was flamed to give a thin source 
for pulse analysis, The platinum plate was 
treated with hydrochloric acid to put the 
activity in solution which was then passed 
through a standardized ion exchange 
Alpha-hydroxyisobutyric acid was 
used to extract the new clement from the 
column 


A scientific paper is being prepared on 


the discovery for publication soon in a 


scientific journal 


Pump-—Turbine for 
Additional Power in Brazil 


A counterclockwise, adjustable hlade axial 
pump-turbine — has 
Canadian—Brazilian 
Ltd., purchasing agent for Sao Paulo Light, 
South America—Servicios de Electricidad, to 
be installed in a vertical setting in the 
lraicao Pumping Plant near Sao Paulo, 
Brazil. This unit will 
pump-—turbine 
additional power for 


flow reversible been 


ordered — by Services, 


supplement two 
units to furnish 
increased power de 
mands in the Sao Paulo area, Number one 
unit in the plant, manufactured in 1938, 
was the first reversible pump-—turbine to be 
installed in the Western hemisphere. The 
original design of these units was perfected 
on the pump-turbine testing stand in the 
S. Morgan Smith Company's hydraulic lab 
oratory at the main plant in York, Pa., 
manufacturers of the units. 

The Traicoa Pumping Plant is located 
on the Pinheiros Canal, and is one of a 
head pumping plants con 
necting the Tiete River with the Billings 
Reservoir. This reservoir supplies water to 
the high head Cubatao Power Plant at the 
base of the coastal cliffs, near Santos. 


identical 


series of low 
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he unit, measuring 138 inches in diam 


eter, is directly connected to a 6,600-hp 
motor and will operate under a net head 
between three meters and seven meters. It 
is guaranteed to pump 1,765 cfs under the 
seven-meter head at 150 rpm. When gen 
erating, it is guaranteed to produce 3,450 hp 
under the same head. Shipment will begin 
in the summer of 1958, with completion 
scheduled for late fall. 

During times of low water in the Tiete 
River tributaries, water must be re-released 
from the Billings Reservoir for irrigation 


and general municipal purposes; under 
these conditions the pump-—turbine oper 
ates in the reverse direction as a turbine 
and generates power. When the unit is not 
required as either a pump or a turbine, the 
water can be depressed from the runner 
passages with compressed air; then the unit 
can be operated as a synchronous con 
denser to improve the power factor of the 
system 

Phese pump-—turbines may also be used 
fo pump water into storage reservoirs dur 
ing off-peak hours. The water may then be 
released to operate the unit in the reverse 
direction as a turbine when system load 


demands are at their maximum, 


Vanguard Computing 
Center Opened in Washington 
Phe Vanguard Computing Center, where 
high-speed electronic calculations will pre- 
dict future orbits of | S. scientific earth 
satellites, opened at 615 Pennsylvania Ave 
nue N.W., Washington, DA 
Phe center will be operated under a U. S. 
Navy 
Machines Corporation 


on July 2 


International Business 
IBM), using an IBM 
704 Electronic Data Processing System. The 


contract by 


machine's computing units are rigged to 


whip out complicated calculations — fast 
enough to anticipate the paths of a tiny ar 
tificial satellite hurtling around the world 
every 100 minutes 

Ihe 704, which will calculate the satellite 
orbits, is magnetic tape operated, Not only 
is tape used for data storage, but it is also 
the primary means of input and output to 
and from the heart of the computer. 

Information flows in and out of the cen 
tral unit via tape at the rate of 2,500 words 
per second, and as many as three tapes can 
be read at once 

Some of the toughest problems in estab- 
lishing earth satellites for scientific research 
during the International Geophysical Year 
(IGY) will concern proving that the satel 
lites are orbiting, measuring these orbits, 
and subsequently predicting future orbits 
Initial 


ing under 


S. satellites, planned for launch 
Project Vanguard, will be 20 
inches in diameter and will speed at more 
than 18,000 miles per hour in an elliptical 
course at altitudes of from 200 to 1,400 
miles above the earth 

Initial acquisition and later tracking of 


the man-made moon by radio techniques 


will be assigned to a “Minitrack” system, 
designed by the Naval Research Laboratory. 
(See pp. 666 72 in August 1957 Electrical En 
gineering.) 

A subminiature radio transmitter with 
battery power enough to operate for several 
satellite to 


weeks will be installed in the 


reach antennas ol ground tracking stations 
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AT VANGUARD Computing Center, a group of scientists, (left to right) Dr 
Herget (seated), Hugh Chrisman, and J. J. Fleming, from the Naval Research Laboratory examine 
an overlay on which the IBM 780 Cathode Ray Tube Output Display at left will trace the path of 
the artificial earth satellite on the earth's surface. The Output Display is a special television tube 
which pictures the calculations of the IBM 704 electronic computer in the form of charts, figures, 
or special engineering symbols. 


Minitrack 
chiefly by 


These stations, to be manned 
Army personnel, but also using 
Air Force, Navy, and civilian technicians 
will be the satellite’s radio link with earth 

As the satellite crosses the area of these 
stations, they will measure its angular posi 
tion by phase comparison techniques, r 


cording its “signature” automatically, An 
alysis of these signatures will give the com 
plete orbital history of the satellite’s passage 
These data will be flashed to the Vanguard 
Control Center at the Naval Research Lab 
oratory. Here they will be relayed to the 
Vanguard Computing Center for the com 
plicated job of calculating and compiling 
satellite ephemerides (timetables of the ex 
pected locations of the satellite at regular 
intervals during its future Lil 


It will be these schedules, w. en signaled 


© optical tracking stations around the 
world, which will allow watchers to train 
their instruments at the right place and 
time for precise observatiog of thy tiny, 
speeding, artificial moon. 

The Smithsonian Astrophysical Guserva 
tory at Cambridge, Massachusetts, has been 
assigned satellite optical tracking programs 
by the IGY Satellite Committee of the U.S 
National Committee for the IGY. The 
USNC/IGY was formed by the National 


Academy of Sciences 


with co-operation o 
the National Science Foundation 

Ihe Vanguard Computing Center, con 
sidered the heart of the Minitrack system, 
will be in testing operation as facilities are 


West 


Communication 


completed in the Americas, in the 


Indies, and in Australia 
with the distant stations, through specia 
facilities at the Naval Research Laboratory 
which is in turn connected by landline to 
the Vanguard Computing Center, will get 
exhaustive checks in preparation for satel 


lite launching attempts during the IGY 
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J. W. Siry, Dr. Paul 


Flat Image-Producing 


Panels for Varied Applic ations 


I he production of imaue on flat panels, 


by combining the sciences of lighting and 
electronics, was announced recently by FP, 
J. Healy, vice-president in charge of Syl 


vania Electri« Products — Ine lighting 


many tin 


operations, The new development 
‘Sylvatron is believed to have 
portant possibilities in the future develop 
ment of radar, air traffic control, computers 


instrumentation, and related devices 


Attention is being concentrated on na 
tional defense applications and relatively 
pecialized industrial freld Considerable 
vork remains to be done betore the device 
reaches the commercial production fave 
especially insolar as commercial and con 
stimetr product application tie concerned, 

Ihe new image produc panel utilize 


not only this principle of clectrolumines 
cence but also the principle of photocon 
ductance, which is the influence of light on 


the flow of electricity through a solid 


Ihe devices consist of flat gla clectro 
iminescent panels with iriou control 
yer These control layer ive thin coat- 
ings of photoconductive ind soelectrocon 


ductive surfaces 

When electrical on optical ignals and a 
power source are applied to the Sylvatron, 
i visual display, or image, is produced 

Fach of the three types displayed at the 
conference produces different image I hey 
nclude (1) an electroluminescent panel 
n which the position of a mobile dot of 


ight can he manipulated electrically 


) 


) a display panel hich reproduce 
optically the track of a mobile 
ind the 


held, or stored 


pot ot light 
image thus created can then tbe 


indefinitely in visible | 





THE IMAGE-PRODUCING panel is shown being 
put through laboratory tests by Dr. Keith Butler, 
manager of the general engineering labora- 
tories of Sylvania's Lighting Operations 


panel: and } 


in electroluminescent 
hich can reproduc optically imo 
picture ith good resolution and rapid 
prertise 
The operation of th ypes of panels 


Oo varie In one ts unple, when 


ic clectiicity is applied to the conductive 

cl ina a pot ol triyvciing light is ip 
pled to an individual photoconductive ele 
miewul the 


photoconductoy transmits 


electricity which  catose an electrolumi 
nescent dot tunes the clement to light up 

Developed by Sylvania Lighting Di 
higineecring Laboratory, 


Sulem, Ma the Syl 


inion = General 
tron panels thus fa 
have been produced in two-inch and four 
inch squares, Development of the units in 
larger sizes tor certain military applications 
ind electronic circuitry of systems for sy 
cific cleletise 


ipplications is being studied 


Part of the work on the Sylvatron ce 
clopmental program was carried on as a 
coooperative: project between Sylvania and 
the Lincoln Laboratori operated by Ma 
(Mil 


limited quantity 


ichiusett Institute of Lechnology 
\Ii Vhe \ ud that a 
ot the Syly 


ition device would be made 


avatlable to selected laboratories by mah 
inmy them available to such laboratories 


he declared we haope to obtain vuidance 


in the emphasis and direction of our fur 
ther development work 
Hhecause the 


panel ine uniquely adapt 


bole for a thumber of military systems, the 


distribution of these laboratory units will 


be on a priority basis, the Sylvania official 


pomted out, Larger units are now bein 
developed for certain military applications 
Ihe only limitation in size is the size of 


production machinery itsell, 


Coal Pipeline trom 
l 


Georgetown to Eastlake 


bivst moved to. the 
buastlake 


Cleveland 


shipment of coal 
Ohio 
Electric 


generating plant of the 


Iluminating Company 


recently after being pumped through the 


world’s longest coal pipe line 


RY) 


Pipeline engineers said the coal was a 


test shipment and that operation of the 
pipeline is on a trial basis. Initial tests had 
been run for a portion of the pipeline as 
engineers made inspections. This test run 
was the first time coal had moved through 
the entire Farlier 


problems, which had been anticipated, have 


pipeline operational 
been overcome 
Finely ground and mixed with water to 


form a “slurry the coal was started on its 
way from a mine at Georgetown, near Cadiz 
Ohio, for the LOR-mile trip to Eastlake 
Operating 24 hours a day, the coal pipe 
line is designed to carry 1.3 million tons of 
coal a year to keep four hungry turbogen 


Lake 


County plant located on the shore of Lake 


crators humming int the company’s 


Eric, about 22 miles east of Cleveland 
Phree pumping stations hurry the slurry 


along the route. Calculated time for the 


Photo by Tommy Brent 


COAL PIPELINE starts here in No. 1 pumping 
station at Georgetown, Ohio. The pipe at the 
bottom is the first link in the 108-mile pipe- 
line to Eastlake station 


move trom Georgetown to Eastlake is about 
> hours at four miles per hour 

The pipeline, pumping stations prepara 
fon plant, and drying plant were con 
structed at a cost of $1214, million by Pitts 
Coal 


This is the first coal pipeline in the 


burgh Consolidation Company, the 
ownel 
world longer than 10 miles 

Starting point of the pipeline is at the 
plant. the 


earth by giant 


mine's preparation coal, first 


wrenched from the powe 


shovels, is crushed and mixed with clear 
pond water for the trip north 

The pipeline was laid in four month 
at an average rate of 214, miles of 1014-incl 
pipe a day, buried to a depth of at least 
four feet to avoid freezing conditions 

The furnaces at Eastlake eat up 1.6 mil 
lion tons of coal a year. Lhe company en 
estimate that the 


gineecrs pipeline will 


supply 80% of the plant's annual fuel needs 
Moreover, that represents about 50% of the 
fuel requirements for the company’s entire 
system. The rest of the coal needed at East 
lake will be 
manne! 

A 15-year Pittsburgh 


Consolidation for the supply of coal via the 


shipped in the conventional 


agreement with 


Of Current Interest 


pipeline has been made. In addition, at the 
end of that period, the company will have 
drying plant 
a purchase-rental plan which is in 


acquired ownership of the 
under 


effect 


1956 Economic 
Survey of the World 


Although the new climb in world pro 


duction which began at the end of the 
Korean hosilities continued, almost every 
where the pace slackened in 1956, accord 
ing to a world survey made public recently 
by the United Nations 

According to the survey, the loss of eco 
nomic momentum originated as much in 
the realm of government policy as in the 
irea of private enterprise. “World Economic 
1956 


the outlook 


Survey states Though on balance 


appears to be for some con 
tinued rise in the coming months, the mar 
gin of uncertainty is greater than a yea 
Ago 

Some of the main points that cmerge 
from the study of current developments in 


the world economy are 


world 


1. Although = the 
whole, continued to move forward in 1956, 


econoniy, aS a 


a common concern in all countries was the 
rising pressure on prices, and in some coun 
tries the growing deficits in their balance ol 
payments position 

2. The over-all effect of the Suez crisis 
was much less serious than was originally 
feared 

8. Costs rose significantly in most coun 
tries as the growth in productivity failed to 
match the increase in wages 

1. In primary exporting countries domes 
tic production was generally higher in 1956 
than in 1955; personal consumption was 
higher, and there was a significant increase 
in the volume of resources devoted to capi 
tal formation 
Demand for commodities ol particular 
exporting couUnLries 


concern to primary 


was maintained and prices remained fairly 
firm 


6 Rapid economic expansion in the cen 


os 
trally planned economies continued in 1956 
though slower than in 1955, with output 


of producer goods increasing in most coun 
tries at a higher rate than output of con 
sumer geods 

For the second successive year agricul 
considerably in the 
other 


7 
tural produc tion rose 
eastern 


Soviet Union: however, all 


Furopean countries experienced a signifi 


cant decline in thei 


8. The foreign 


planned economies rose more in 1956 than 


rrain harvests 
trade of the centrally 
in 1955 and their trade with the rest of the 


world increased faster than trade with each 


Nations entitled 
Survey 


2982, and comes in 


I he t nited 
World 
lished as Document / 


report 
Economic 1956" is pub 
two parts. Part | studies the balance ot pay 
ments problems during the postwar period 
development of 

The entire re 


ind Part Il examines the 
the world economy in 1956 
available at $2 per copy from 
Nations 
throughout the world 


port will be 


authorized United sales agents 


ELECTRICAL ENGINEERING 





Activities of Other 


Societies and Organizations 


ASME—J. N 
the post of 
Society of 


Landis has been nominated to 
president of The 
Mechanical Engineers. At the 


the names of nominees for vice 


Americat 
fame time 


president and director posts were an 
nounced, as Vice- presidents, C. I 
Crede (Region I), A. W. Weber (Region 
Iif), E. W. Allardt (Region V), and H. § 
\urand (Region VII). Directors, L. N 
Rowley, Jr. (Administrative Activities), | 
©. Bergman Standards) 


R. B. Smith 


follows 


(Codes and and 


(Technological Activities) 


AIME—Three 
within 
They 


Society ol 


established as 
last 

known as the 
AIME, the 
\IME 


of Petroleum Engineers of 


branches were 


AIME at the 
will be 


annual 
Metal 
Society of 


societies 
meeting 
lurgical 
and the Society 
AIME. It is felt 
that in this reorganization the 


Mining Engineers of 


fundamental 
fulfilled 


Fox has been appointed secretary ot 


aim of the will be 
 « 
the Society of Mining Engineers upon the 


Arnold 


mayor society 


resignation of Buzzalini 


RETMA (EIA)—The name of the organiza 
Radio- Elec 


Manufacturers 


tion has been changed from 


tronics- Television Associa 


Electrical \ssociation 
Federal 
FCC), J. B 
IMA, testified 


plotting 


tion to Industries 
\t a 
miunic 
Williams, a 


simple 


recent meeting of the Com 
Commission 

member of REI 
tool tor 


as “Key 


ibove 


tions 


on i nicrowave 


Hole’), in 


systems (known allocat 


ing frequencies whereby 


some 4,600 stations can be accommodated 


in an area 100 miles square 


Acronautical Sciences—The for 


the 


Institute of 


mation of International Council of 


Aeronautical Sciences has been announced 


by TAS. Recently, 16 


10) nations 


representatives from 


met in Paris as a Provisional 


Council of the first world-wide organization 
formed specifically to extend collaboration 
in all areas pertaining to mechan 
flight orld 
regardless of military or political interest 


will 


ganived 


scirentiti 


ical Countries throughout the 


have invitations extended to any o1 


societies dedicated to the advance 


ment of the 


ICAS. The 


acronautical sciences to join 


Acronautical Science 


Institute of 


TRUE TRACKING RADAR, 


posed arrows indicating direction of moving 


‘trails’ 


tion shows location of same targets 2 minutes 


SEPTEMBER 1957 


in 2 left photographs, shows (left) superim- 


which stationary ships do not have. Radarscope (right) presenta 


society in the 


2 Eb. Gith St 


will act as the representative 
and is located at 


N. ¥ 


United States 
New York 21 


Battery 


corporation 


Electro-Chemical Cooperative As 


sociation— I his has announced 
theory on the 
I he 


acid 


lead, in the le 


the contrary thermodynamic 


function of the lead-acid battery cles 


trochemical process of sulfuric com 


bining with the d-acid 


battery, and resulting in lead sulfate to 


not have to remain 
final 


major ¢ 


create electricity, does 
result is 
bat 
Electro-Chemical BCA has de 


clectrochemical 


a normal process, when the 


sulfation, which is the suse of 


tery failure 


veloped an process which 


prevents and eliminates the cause of sulfa 


tion in the normal function of a lead-acid 


battery 
This method has been field tested in 


7 000 


over 


batteries as well as with over 4,000 


automobile batteries whicl have 
put back 
service. At its 1189 ] 
N. J 


the liquid 


junked 
automobile 

bE lizabeth 
established that 
| 


" 
nora 


|< rseyv St 


been into 


location, it has been 


formula can the proc uced tor 


general use at a feasibly economic cost 


NACE \ sul ticte 
brittlement research has been published by 
the NACI 
Absorption, Embrittlement 
Steel by A. E. Schuetz and W. D 
Ihe conducted 


auspices of the 


report on hydrogen em 


which is entitled Hydrogen 
Fracture of 
Robert 


under the 


and 
son work was 
Committee T-1G 
The 


Calgary 
g 


Technical 
on Sulfide Stress Corrosion project was 
Alta 


sections Of 


four years in completion 


Canada, is the newest of six 


ganized in the Dominion, and the 55rd one 


in the entire organisation 


True Tracking and 


Off-Center Positioning Radars 


\ recent development was introduced a 


true tracking” radar by the Sperry Gyro 


COpe Company demonst! iting the first ane 


only adaptable marine radar equipment to 


combine off-center radar positioning and a 


panoramic presentation of all moving and 


tationary objects within range ol 
canner 


equally \ olf 


inced electronic ce 


centel type 


tioning Radar, in 
targets with afterglow 


later. Off-Center Posi- 


Of Current Interest 


2 photographs right, 


presentation emphasizing ‘‘no traffic 


demonstrated to the press iboard tl com 


pan Accord 
ing to J. I 


division, the 


experimental ship Wande 
Hammond 
Mark 


manager of Sperry s 
Ill racar is the 


available today that 


riatine 


only commercial radar 
can be adapted in the field tor true tracking 
Mart 


iceept these 


and off-center presentations. Sperry 


If equipment is designed to 


new radar accessories 


Sperry’s true trackin radat virtually 


presents on the radarscope an aerial “mo 


tion picture ot vessels within range of 


the scanne True tracking offers to the 


trained observer tmmediate cditterentiation 


between moving vessels and stathonary ob 


jects. In a panoramic picture presentation 


moving objects, including own ship, appear 


in perspective as moving lieht 


blips ot 


with small, glowing comet-like tails indi 


course ot travel. Stationary 
land, docks 
stay fixed on the 


Although this 


comple tely 


cating object 


such as and buoys are clear! 


detined SCOPE mul have 


no after glow trails 


projec 


tion does not climinate plot 


ting, it enables the experienced navigator 


to “see” instantaneously and estimate true 


speed and course of all nearby vessel 


An off-center positioning device, also in 


troduced to the press, was initially «te 


cloped 


for land-based stations and used for mon 


controlling mal mic 


I his 


shipboard Lise 


toring and river, ¢ 


trathe feature, now avail 


ible for 


harbor new 


tllows navigator 


to position their electronically any 


ship 


here on the radat picture tube, Ott-center 


positioning not only retain close-in 


definition and resolution of target Tpuat 


by moving land masse off the scope the 


radar observer can can greatel wea 


range scale scoordin 


Ol center 


without changing the 


to pe mry cnyeinecis 
added 
ope ration 


ahead of 


with sharp definition of 


positioning 


provide an ifet factor tor tow 


boat requiring pinpoint defini 
coastal 


check 


tion tow pro cle 


hip 


hove point 


it the same time permitting the master to 


cletect approaching vesse! 


Olf-center positioning control 


ment tor tree tracking presentatto 
factor or held 


Mark Il al 


by means of 


modification to Sper 


lrue tracking is obtained 


mall computer attachment 


which resolve hip heading and speed into 


proper signal 


Four pictures taken aboard the Sperry experiment ship Wanderer during 
recent demonstration along the Hudson River 


(left) 
land mass with heavy traffic at edge 


shows conventional radar 


(West) of scope. Off-center radar (right) feature retains land check point 
(East) but brings ship traffic formerly unobservable onto scope 





Flight Information 
Automatic Transmission 


4 system for automatic transmission of 
flight information from aircralt to ground 
control centers has been developed by 
Stromberg-Carlson, a Division of General 
Dynamics Corporation, and is ¢ xpected to 
be an important aid in air traffic control 
Light Air 


Ihis system, called Lasu 


cralt Binary Information Link), enables an 
iircraft pilot to transmit automatically 13 
separate categories of flight information to 
a control tower with the 
wcording to G. A. Peck 


charge of S-C’s Electronics 


flip of a switch 
vice-president in 
Division 
Information to be transmitted is entered 
ito the system by the through ad 
knobs It 


identification, ce 


pilot 


justment of control selection 


includes uch data is 


parture point, destination, estimated time 


ol arrival, present position, altitude, ait 


peed, time ol report, heading 


flight time 


remaining and other data Request of 


information by ground control, indicaced 


by a visual signal, is answered by depres 


Modification of the 


mg a transmit kes 


equipment iso ill) enable the control 


lower operator to receive the stored in 


formation automatically b depressing an 


! 


identification code key tor individual air 


cralt ithout the pilot bein required to 
depre hi transmit ke 

lhe entire tored me we is then auto 
matically transmitted to the ground control 


center over the tandard voice transmis 


ion communication equipment aboard the 


jr tianne Ihe information filters through an 


error detector ‘nual ot then to a 


telet jp iter printout «te Informa 


tion = ftailin the error check appear " 


bylanh pace im the printed text and | 
thereto identifiable 
Pransmission of th message 
two seconds if the ground control 
equipped with i butler storage 
lor accommodating the lowe! speed 
teletypewriter, \ hich require about 


coond normal rate 


to print the data at 


Microwave Ferrites 


Developed at Laboratory 


berrite material having 


tilanl ell 


properti pat 
wlapted for a broad range 
microwave application have been ce 
eloped recentl by I G. Van Uittert of 
Bell Lelephone Laboratori I he «le 
rable properts nichude controllable satu 
ration magnetization lay clielectri 1oss 
and a high degree of 


Many 


have rown trom the ce clopment ol the 


re produ phoatits 
novel microwave circuit clements 
ryrator im 1951 hese new 


microwave 


clevice depend on the high frequency 


magnetic behavior of territes and utilize 
lorromagnetic resonance in om ulating mag 
netic materials, This and other new appli 
cations of ferrites followed a general up 
stimu 
developments uote Philip 
Netherlands, The new 


materials constitute a forward step 


urge of interest in magnetic oxides 
lated by 
Laboratories m= the 
ferrite 
in production of the unique nonreciprocal 
microwave devices in which solid materials 
themselves perform complex circuit tune 
tions, and signify a ne 


microwave epoch 


in ferrites 


These materials are essentially magne 


sium aluminum ferrites, oF 


nickel 


Inanyvanese 


manganese ferrite with a small 


amount of copper replacing some of the 
magnesium or nickel. The addition of the 
proper quantities ot coppel and manganese 
to the basic ferrite is advantageous from 
several points of view. By increasing the 


reactivity of the mixture, copper de 
creases the necessary firing temperature by 
at least 100 ¢ Under comparable condi 


tions this results in lower porosity and 
improved uniformity in the fired material 
Ihe manganese addition decreases elec 
trical conductivity and, thus, the dielectric 
losses in these low 


Microwave 


ferrites indicate that in general they are 


porosity materials 

measurements on these new 
comparable to or better than similar ma 
terials Aontaining no coppel Applications 


include microwave gyrators, isolators, and 


similar devices 


Conquest of Fog 
Device at Exhibition 
In an exhibition sponsored by 


Kingdom 


Today and 


trical Engineers of the United 
\. W. Haslett, editor of Science 
Scrence Neu has made note of the develop 


ments reported in the following paragi iphs 


hich are of greatest interest to Electrical 


Lngineerin ubscribers 

Ihe atom has thus far pro ed easier to 
conquer than fog, in spite of all the et 
crentist At the Electrical Engi 


hibition recently held in) London, 


fort ol 
nee! I 
here is shown a ie Sritushe imvention 
hich concect the continuing nuisance 
and offers one more way to reduce 

a 
I hye object 18 to measure isd record con 
tintious! the ciustance which two ordinary 
Hitman eve can see ctlectively in the con 
ditions prevailin It is beheved to be the 
only equipment kind in the world 
to cecil hen tog 
in lighthouse md lightships should 
useful 


telling navigating officers when 


itched on Suto it may also be 
hip lo 
ibility ha © far tallen that look-outs 
an no longer be relied upon, and that re 


be had to radar 


‘ houtd 
The automatic fog detector, as it is called, 
le ned b the chiet research othees 
ol Trinit House—the organization respon 


ble for lighthouses and lightships round 


the British coasts-and has been developed 
tritish fiom of Stone-Chance Ltd 
National Research 


Development Corporation 


by the 
in conpunction th tbe 
iinutes it 


QOnee every seven sweeps a 


narrow, telescopically sharp beam of light 
in all directions At the end of each sweep, 
the instrument checks the brightness of its 
own beam and adjusts it to its predetei 
mined value 

When tog 
of the light 


particles are in the air, some 
from the beam is scattered 
back towards the tnstrument This light 


an be recognized as originating in- the 


lamp that provides the beam ind) trom 
the amount that comes back, the distance 
that the eve can see is calculated. In the 
control room (which ina ship would be 


visibility in miles is shown 
! 


the bridge) the 
on a meter, and is also recorded continu 


ously on a chart 
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NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library Un 
less otherwise specified books listed have been 
presented by the publishers. The Institute assumes 
no responsibility for statements made in the fol- 
lowing summaries; information for which is taken 


from the prefaces of the books in question 


RECTIFYING SEMICONDUCTOR CON 
LACTIS. By H. K. Henisch. Oxford University 
Press, 114 Fifth Ave New York I], N.Y 1957 


2 pages, 6 by 94 inches, bound. $11.20. An 
dealing with the 


t 


advanced = treatise following 
equilibrium in solids 


structure and voltage-current characteristics of 


main topics: electronic 
rectifiers 
rectifiers as Capacitive circuit elements, unipolar 
rectification theories, theory of 


plate rectifiers and of point-contact 


Injecting con 
Introductory 
chapters cover fundamentals of rectifying sys 


tacts, and special contact theories 


tems and the mechanism of charge transport 
for the benefit of readers not previously engaged 
in research on solid-state physics. The last two 
chapters deal with experimental methods. There 


ire 16 pages of references 


RELAXATION SPECTROMETRY. By E. G 
North Holland Publishing Com 
pany Amsterdam Netherland Interscience 
Publisher Ine 50 Fifth Ave New York | 
N.Y 19957 140 page 6 by 9M inches 
75 This text deals with those 


Richardson 


bound 
energetic 
phenomena which accompany the passage of 


mechanical displacements through matter 
Pretace Ihe first chapter i 1 discussion of 
ufficientl 


detailed to provide a background for the prin 


the nature of acoustical relaxation 


cipal subjects covered: mechanical and electrical 


model the infrasonic sone and ultrasonic 


pectra dielectric relaxation md) spectrum 


inalysi Ihe emphasis throughout i on ex 


perimental method with only a mintmnum of 


theory introduced 


RUSSIAN-ENGLISH ATOMIC DICTIONARY 
Bb I \ Carpovich Technical Dictionaric 
Compan New York $1 N.Y 1957 
$12. Con 


5,000 Russian entries primarily in 


inches, bound 


ruclear science and nuclear technolog includ 
ng atomic and molecular physic pure and ap 


j 


plice mathemati chemistry and chemical en 


ineering, bioph radiobiology, medical and 


biolowical terms metallurgy metallograph 


uranium reolog thorium crystallograph 


peacetul and military uses of the atom, general 


term im ibbreviation 


SEMICONDUCTOR SURFACE PHYSICS. Fad 
ited by R. H. Kingston and others. Universit 
of Pennsylvania Press 4436 Walnut St Phila 
delphia 4 Pa 1997 11 page M4 b a4 
inehe bound. $8 Phi 


volume contain the 


proceedings of the Conference on the Physics 
of Semiconductor Surface held at Philadelphia 
paper 


paralleling the sessions of the con 


in 1955. It is comprised of 2% grouped 
im ft section 
ference: clean surtace real surfaces, adsorption 
md = catalysi ind oxidation The individual 
paper present the latest interpretations ot ul 
lace tate urface conductance mcd related 
phenomena, as well as reports on experimental 
techniques used to study the properties of semi 


conductor materials 


SYSTEM ENGINEERING. By H. H. Goode and 
K I Machol MeGraw-Hill Book Company, 
Inc smoOW 12nd St New York 36, N.Y 1957 
551 pages, 6 by 9% inches, bound. $10. In or 
ganizing the involved in the 


Various aspects 


systems approach to the problem of designing 
equipment, this book logically combines the new 
set of tools, new classification of parts, and the 
team of workers necessary to this approach. At 
the same time, it provides for the engineer, as a 
member of the system-design team, a_ back 
ground for his job and describes system-design 
methods. A selective bibliography and illustra 


tive problems with solutions are included 


TELEVISION RECEIVING FOUIPMENT $V 
W I. Cocking. Philosophical Librar 15 E 
40th St., New York 16, N.Y 


1957. 454 pages, 54 by 8%4 inches, bound, $15 


fourth edition 


ELECTRICAL ENGINEERING 








design of transistor amplihers 


tion on automatic coding procedures 


ELEKTRONISCHI HENMASCHINEN 
INFORMATIONSVERARBEITI 


Nachrichtentechnische 


CHROMATOGRAPHY 





ORGANIZATION 


aspects deal with plant location and 














layout ‘ not manulacturimn process no 


tion and time study material handlin pur 
chasing, industrial relations, and quality control 
NATIONAI ELECTRONICS CONFERENCHI 
PROCEEDINGS, 1956. Published 1957 by the 
National Electronics Conference, In 44 FE. Rai 
lolph St., Chicago 1, Tl. 1095 page 6 by 94 


inches, bound. $5. Considerably enlarged overt 


previous yeal these proceedings contain 119 
apers on a wide range of topics: instrumenta 
ion ervomechanisms, measurement data stor 
ige information theory solid state dlev ice 

microwaves iutomation, pulse technique el 
Preceding the technical papers are three en 
ral papers on the pace satellite program, the 


Midwestern University Research Association, and 
cientihe manpower in the U.S.S_R 


IHE PHYSICS OF ELECTRICAL CONTACTS 
By 1 I Jone Oxford University Pres li4 
Fifth Ave New York II, N.Y 195 19 pages 

by &% inches, bound. $5.00. This book give 


Ty basic physi ud properties of contact 


without regard to particular designs It contain 


iccounts of recent work and researche in prog 
ress on the mechanism of fine transfer tabil 
it ind shape of molten metal bridg« proper 
tie ot metals at high temperature erosion 
ind transfer, discharge phenomena inal urtace 


film phenomena. There is a bibliograpt of ttl 


reterence 


PROCEDURE HANDBOOK OF ARC WELD 
ING DESIGN AND PRACTICE Published by 
Ihe Lincoln Electric Company, Cleveland 17 
Ohio, Lith Edition, 1957. Variou 


by 9 inche bound. $8. Provides useful informa 


paging ) 


tion on all phases of arc welding tor the machine 


designer the tructural engineer he fabri 
cator, the welder ind all those interested in 
metal joining. The eight sections cover: history 
nomenclature md = process weldabilit mild 
teel procedure manutacturing cost data ma 
chine design tructural design ipplication 
ind reference data. The tructural section ha 
been completely rewritten ime inclu the 
latest data on welded design Ihe weldabilit 
ection richie information on weldin ch 
new material i /irconium and t miu 


PROGRESS IN LOW TEMPERATURE PHYS 


ICS, VOLUME IL. Edited by ¢ ]. Gorter. North 
Holland Publishing Compan Amsterdam 
Netherland Interscience Publisher ine m0 
Fifth Ave New York I, N.Y 195 KO page 

oM4 by Ole inche bound $10.75 hFourteen 
ubstantial review paper with exten e tist ol 
reterence urmmarize the present ste of lon 
temperature research particularly itl rete 
ence to magnetism uperconduct t inal 
liquid helium, but with some attention to other 
ubject uch a rious nonmagnetic propertic 

of solid Some review topic are helium him 

clectron transport phenomena in metal em 
conductor it low temperature paramagnetic 
relaxation, and physical properti ' re eartl 
metal 


AIK CONDITIONING ih) \ K W volricl 
im W K Woolrich |i I hve Ronald Pre 
Company, 15 F St New York 10, N.Y 14 


44 pages Oise by 9 inche bound $7.%0 
Part I of this text is devoted to the eneral 
thermodynamic 4 air conditioning and prob 
lems of ystem load determination and design 
Part Il covers the clements of heating system 
from a discussion of fuel ind combustion to a 
coverage ot heat transtetr clement uct i 
boiler radiator ind convector Part Tl pr 
ale in exposition of the t pe of retrigeration 
neluding coolin b ced air and evaporation 
Part IV deals with five area piping design, a 
listribution putomatic control ind instrumen 
ition ound control ind air contaminant con 
trol. The authors have devoted more space that 
usta to chrometri¢ proc ‘ radiant ‘ 

in ind available means of retrigeration 


LTOMKRAFI DEK BAI VON A1IOM 
KRAFT WERKEN UND SEINE PROBLEME 


By Friedrich Munzinger. Springer-Verlag ter 
lin, German econd edition, 1997 124 page 
H's by 9M inche bound. DM 29.40. An in 
duction to the problem involved in the cor 
truction of nuclear power plant Intended fo 
engineer industrialist mud power economist 
the three main sections deal with: (1) theoret 
cal fundamentals of nuclear energy (2) reactor 
technology including heat engine and 
economic aspects of nuclear plants as power pt 
duces 


Of Current Interest 











boun wv) Phe present olume in thi 

deals in a brief section ith poeumatic and 
lectrical telemetering tem mid in more detail 
ith the instrument md mechanisms tor auto 
matic control of process« As in previou ol 
une ic principles are discussed before the 
ictual instruments, and the instruments are clas 
‘ 


ihed according to the pl ical principle upon 


hich the ire based 


AMPLIFIER CIRCUTIS BK 
sCV REI McGraw-Hill Book Compan 

Ww 2nd St Ne York 46, N.Y 
edition, 1957. 277 page & by 9% inche 
. This book 1 


mental principle 


econd 
bound 
1 practical exposition of funda 
md application ith 
smplifier I he 


tematic «ce 


pecial 
relerenc oO magnetic cryveo 

major part of the content ' 
cription of the nhumerou D of circuit in 
cluding ! 


nonteedback ingle stage ine routs 


tage circuit utilizin external or internal 


feedback imal wecial type using critical regen 


eration or derivative teedback Applications in 
instrumentation ervomechanisn regulator 
ma jutomatic control device cliscu 
lhis edition has been enlarged 

mnpliter high-performance 


tem ind other recent 


KOWAVE PRINCIPLE I 
other I). Van 3 


cander yt 


Yostrand Compan Iie 
Princeton ‘J 1967, 427 
by 94 ineche bout 47%. Essentiall 
Microwave 


fechiavigue The hii text ha 


Mrnidgement of the i 


I heat mid 
prepared for a senior course in communi 
md for practiom enginec he i 


damental ot micro ‘ ale 


thie ! 


ilar in content to the cartier book but 


i mathematical detail, this book co 
mission line iveguide impedances 
mtenna resonator magnetron 
vc tube md the theor mil char 


of amplitier mal cillate 


SIE DEREREOUENZ i) MET TELERE 
OUPRN/ZMESSTERCHNII DAS NACH 
RICHLENGEBIET i i unl Tt ¢ 
I hiike > Hirzel 


bo 1 pawe ol4 by Oo 


Verla t (,ermanu 

bound. DM 

\ detailed treatment ¢ murin tech 
n the communication field both 

nedium -lrequencte \lthough it 

| 


he equipment and methods developec 


Hlalske Aktiongesclischatt 


yemen 
mpo it cleve pment ive ealt ith 


md mathematical anal 


POWER I 
i hannon 
| Book Compra 
6, N.Y 19 | 
round Eee An clementat pore 


fucts of ) i“ «le 


LF AC TOR Pits 
Hall, tne , ood Clift 
rie hee bound 
the scliiate tiuctent 
md the design en 
fielal thi book «tt 
thre i oncept md calculation 


mothe in ' mal i ol the behavior 


1 im assembl ionable material I hie 
principal emphasis t ) i major topic the 
listribution mm oener of neutron 
the determinatto aoth i il amoun 
fisstonable mate il tI 1 iont beha 


OPTICAL METHODS POR EXAMINING 
[HE FLOW IN) HIGHSPEED WIND TUN 
NELS Agardograph 4 Part I—_Schheren 
Methods by D. W. Holder and R. J. North 
Part 2—Interferometer Methods by G. P. Wood 
Published 1956 by the A sory Group for Nero 
nautical Research ane clopment, Pari Ib 
France. 148 page inectye paper. Price 
not given. This paper t w of the present 
tate of knowledge on the use of schlieren, direct 
hadow md interferometer technique for vi 
wlizing and prhrerton raphing the flow in higt 

Finphasis | 

} 


most widely used technique ithough there i 


peed wind tunnel placed on the 


ome discussion on methods which are as yet in 
in early stage of development. Information on 
uitable light ource ind) photographic mate 


rials is included 


S50 


PHYSICS OF NONDESTRUCTIVE 


Supplement No. 6 


IFSLING 
tritish Journal of Applied 
Physics. Published 1957 by Ihe Institute of 
Physic London S.W l 
% by 10% inches 


England. 72 pages 
paper. 25s. A collection of 11 
panel discussions, published to 
give engineers and metallurgists an insight into 


newer 


paper and 2 


method of nondestructive testing and 
their use Ihe papers deal with such subjects 
is mechanical testing of nonmetallic materials 
X-ray diffraction 
optical fluorescence andthe 


method Iwo. brief 


nuclear magnetic resonance 
ultrasonic = puls 
ymposiums are included 
surface method the other 
on penetrant method 


one on optical and 


PRAZISIONSMESSUNGEN VON KAPAZITA 
IEN INDUKTIVITATEN UND ZEIT KON 
»TANTEN. Volume |. by Erich Blechschmidt 
Friedrich Vieweg & Sohn 


re Jraunschweig, Ger 
nan econd edition, 1956. 1660 page va by 
paper. DM 11.80. This small manual 


is one of a series on precision clectrical measure 


444 mnche 


nent It deals with both direct and indirect 
method ol measuring high-tre 


quem capacitance measurements and the 


Capacitance 


measurement of dielectric losses and dielectric 
constant \ classified, 20-page bibliograph is 
included Ihe measurement of inductance is 


ntendes the next part of the series 


PRINCIPLES OO ELECTRIC AND MAG 
E1iG CIRCUITS. By W. B. Boast. Harper & 
srother 9 | ; New York 16, N.Y 
" 


econ 


edition, 1957, $09 pages, 6 by 9V2 inche 
bound. $5.50. The second editon of this text 
i 


necring has been brought up to date in’ regard 


for an introductor course in electrical eng 


o electric energ Ounce including discussion 
of improvements in solar sources The chapter 
on loop-current and node-voltage methods ha 
been expanded considerably and that on net 
ork theorems has been extensively reorganized 


Moore than %00 problems are provided 


OUALITY CONTROL AND STATISTICAI 
METHODS. By I M. Schrock. Reinhold Pub 
hing Corporation, 450 Park Ave New York 
N.Y econd edition, 1957, 246 page 6 by 
“la inches bound. $6.75. Intended for those with 
litthey knowledge of the field, thi econd edi 
ion presents the most generall useful modern 
technique of control and tatistical 


ipplied to industrial problems of 


qualit 
method i 
product qualit Subject covered include the 
nature and economic objectives of quality, the 
neans of presenting information pertaining to 
qualit ipplications of rious type of 
control ch the various modifications of con 
trol lim probabilit distribution and sig 
nificance of difference md the nature of «ac 


moplin New 


neluded on rapid approximate tests of signfii 


ceptance material ha bee 


cance, and analysis of irhance 


SEMICONDUCTOR ABSTRACTS, VOLUME 
19 Compiled b Suttelle Memorial Insti 

vite John Wik © Son Tine 140 Fourth Ave 

New York 16, NLY., 195 1? pages KY by I 


riche bound. STO. Continuin thi important 


er the present compilation con 
0) abstracts om the propertic ina 


tions of semiconducting and luminescent 


naterial Reterenc ire grouped under each 


material ina i eparat ection on general 


theor list irticle on crystal growth; crystal 


nperfection band 


tructure thermal ma 


photo effects, transistors, ete. Subject and author 


nalene ire noluded 

SOLID STATI 

Prentice-Hall tne 
) 


10 page 


PHYSICS. By A ] Dekker 
Fnglewood Clifis, N ] 195) 


by Ol4 inche bound. $4 Chapter 


Library Services 
ENGINEERING 


books may be borrowed by mail by 


Societies Library 
AIEEE members tor a small handling 


charge The library also prepares 


bibliographies, maintains search and 
photostat services, and can provide 
microfilm copies of any item in its 
Address inquiries to R. H 


collection 
Phelps Engineering Socie 
ties Library, 20 West 39th St., New 
York 18 N 


Of Current Interest 


one to eight of this book deal with topics that 
can be discussed without reference to the elec 
tron theory of solids: the crystalline state, spe 
cifie heat, lattices, dielectric and optical prop 
ert ionic conductivity, and terroelectrics I he 
remaining 19 chapters deal with the electronic 
clectron theory of 


properties of solids free 


metal band theory, conductivity of metals 


luminescense, secondary electron emission, mag 
netic relaxation, etc. Five appendixes give es 
sential data on thermodynamics, wave mechan 
ics, and quantum statistics. The book is suitable 
for use as a text or for self-study by 


new to the field 


chnymecns 


VDE FACHBERICHTE VOLUME 19, 1956 
Published 1956 by VDE-Verlag GMBH sertin 
Germany. Various pagings, 8% by Il inches 
paper. DM 30. A complication ¢« 71 
presented at the 1956 VDI 
Part I includes papers on theoretical electrical 


pape Ts 
General Meeting 


electrical engineering and measurements, clectric 


power transmission, construction of electrical 


machinery, insulation, control engineering, and 
drives Part Il covers theory of signal tel 
exchange 


phone engineering wide-band radio 


direction finding, specialized problems in radio 
enginecring 


Part Ill 


is on remote control 


miniaturization and its element 


which consists of only seven paper 


TECHNICAL LITERATURE 


The following reeently issued technical litera 
ture may be of inte fers of Electrical 
Engineering. All inquiries should be addressed to 


PROCEEDINGS OF THE 1957 ELECTRONIC 
COMPONENTS SYMPOSIUM. The proceedings 
now can be ordered for $5 per copy trom the 
Randolph St Chi 
cago |, Til, The proceedings include 43 


ymposium office at 84 F 
technical 
paper 


reporting the latest development 


electronic component iS presented at a 

posium. The papers deal with nuclear and en 
ironmental studic high temperature investi 
vations and development; instrumentation and 
neasurement materials; components; and pyre 
ent and future problems and needs. Only a 


limited number of being 
wcording to Dr. R M. Soria, sym 


posium chairman 


proceeding ire 
printed 


INTERNATIONAL GUIDE TO EUROPEAN 
SOURCES OF TECHNICAL INFORMATION 
Ihe International Guide is an up-to-date pub 
lication listing sources in Il countries Austria 
selgium Denmark brance West Germany 
Greece, Italy, The Netherlands, Norway, Sweden 
and United Kingdom. It will be will be invalu 
ible to all those engaged in ipplied research, im 
clustt documentation, and library work, and will 
enable them to locate quickly the most competent 
information The CGuice 


ource of technical 


contain 0 clected ourc of technical in 


formation in nearly all field » and 
chemists metallurg 


technolog physic 


necring, building, textiles, leather, plastic tim 
her ind many other \ 


iphabetical list of all 


ubject and keyword 
i well a in 
! the Gui Teli) 


mentiones complete 


»50. from Organization for European 
ORF Mission Pub 
lication Ofhee 00 P St NW Washington 
6, DA 


Foonomic Cooperation 


SYMPOSIUM ON SOLDER ASTM. Special 
lechnical Publication /&9) 190 Page $%. Sol 
dering is one metallurgical operation that prob 
ibl i 


people than any other 


better known and practiced b more 


However, the simplicit 
ind ease ot ipplying olt solder can be ver 


misleading, for the problems of soldering ac 


tually involve several branches of science 


cluding chemistry, physics, and metallurgy, The 
16 papers comprising this symposium explore 
these fields in detail. The vital role of fluxes 
older compositions and’ applications in at 
taining satisfactory service performance ot sol 
dered joints are illustrated. The manual, mech 
inived, and ultrasonic techniques of solde-ing 
are covered, and, at the same time, the role of 
tandardization in solder technology i em 
phasized \ 


evaluating fthuixes 


unique system is presented for 
solder alloys, and solderability 
in numerical terms I he symposium was spon 
American Society for lLesting Ma 
ASTM) Committee B-2 on Nonferrous 


Metals and Allovs. Copies may be obtained from 


sored by the 


terials 


ELECTRICAL ENGINEERING 

















the 


1916 


American Societ for Il esting 
Race St Philadelphia Pa 


1957 DIRECTORY OF GERMAN MACHIN 
ERY AND EOUIPMENT MANUFACTURERS 
Ihe Association of German Machinetr Manutac 


ture! Frankfurt, West German has announced 
publication ot the 19 Director Thi S00 
page English-langua director feature com 
plete listin of 70,000) manufactures of all 
tvpe oft nachiner precision instrument ind 
ndustrial equipment cla hed in 9,000 prod 
i categori I he director iva ble 

$ ) from the Nordeman P 


ubl ! Co pat 

Inc 14 EB. 62nd St Ne York |, N. ¥ 
ENGINEERS EMPLOYED BY PRIVATE 

PRACTITIONERS A nation le urve re 


‘ ot the tatu of enginees emplove by 








emplo 
consultin firm fringe benefit length of the 


ertime 





pay ractice Based 


minaire returned f col 





undertaken b the Engineer n-Fn { 


i e-Practition Subcon tte { NSPI 


Employment Practice Con 


i¢@ report 





eyed ranged in et I ho empl i 
engineer to those hich empl is man 

The questionnaire eturned epresent dat f 

1 total of 6 Af engineer ill emplovec ‘ 
consulting firn i distinct trom wher ina 
partner Median salaric immarized in the re 
port are based on the eight rades of NSPI 
Recommended (,rack Dut Responsibil 
ithe ind Qualification for Pre-Prot 

ind Prote onal Position I he mediat 
month salaric for the eight race ire re 
ported , €35R 4% $504.40 $589.1] 
9657.70, 3708 $947.02 ind’ $987.54 I hese 
figure do not include payment of bonuse " 
common practice in con ulting firm [he most 
popular tringe benefits listed in the report are 
paid vacation bonuses, hospitalization insur 
nce lite insurance indo profit-sharing I he 
standard work week of most of the consultin 
firms is reported a 10 hour but 5.8 tated 
they work le than 40 hour ind = 28 re 
ported a work week of 41 to 44 hour Copie 
ot the urvey report ma be obtained for $l 


from the National 
2099 K St 


Society of Prote 
N.W Washington f 


each ional 
Engineer 


D.¢ 


RE IMA STANDARDS I he 
Manutlactures Association 


I clevision 


RE IMA) 


Engineering Department announces 


the availabilit of three new recommended 
tandard for the electronic industr I he 
standards were published followin approval b 
representative of the electronic inmcdusts n 
cluding members and nonmembers of RE IMA 
Copi ire ivailable to all segments of the in 
dustry and recentl were distributed to repre 
entative of all REIMA  member-companic 

Nonmember ot the Association may obtain 
copies of the following new standards throug! 
the RE IMA Engineering Department it W 
t2Znd St Ne York 6 N.Y i minimun 
charge of $I 1 made on all order RS-1KO 

Power Transformers for Electronic Equipmen 
thi Standard fro Standard Proposal N 

(0, is a revision of TR-102-B We: KRS-1R4 

Drive Pulle this Standard, from Standard 


Proposal No 4 i 1 revision of REC-/0 { 


rT, RS-1k6—Standard Test Methods for Flee 
tronic Equipment (this Standard, from Stand 
ird Proposal N te ind 49 is me material) 


$1.10 


AUTOMATIC 


given at the 


CODING A collection of the 


paper Automatic Coding Sym 


posium held recently at The Franklin Institute 
in Philadelphia Pa. Included in the mono 
graph are Introductory Remark j. Ss tur 
lew Automatic Coding at Gl R. M. Peter 
en Systems of Debugging Automatic Coding 
Charle Katz Print I An Automatic Cod 
for the IBM 70 R. W. Bemer; 
lure Translator \ Ss em ot 
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H. M. K ‘ ind 
{ De \ Common 
tem R. ¢ Mct.ee 


VicG-inn 


A Mathematical Lan we Con ‘ A. J 
Perli ind J. W Smi na \ Mechanized 
Approach t Automatic ¢ e « Yowell 
Copies of the book ma In tained b ending 
$5 per copy to Auto Cope, Frank Institut 
Philadelphia Pa 

STANDARD SAMPLES AND REFERENCI 
STANDARD. Issued b t! N il Bureau 
of Standard NBS Circul 1 edi 
thon 4 page aay Order Superin 
tendent DD unent ( Printing 
Othce hington Db. ¢ Ihe ¢ ilar i 
ilso) available thout charge clive 
purchase of Standard Sa ke upert jue 
to the NBS i} circul contain up-to 
late descriptive | I , 1 
Sample issued by the NBS an Cir 


analyse ire presented 
tan 
1 he 
be indicated b 1 mire 


NBS progra n me 


in equipmel I hve n i i i 
terial that have been carefull i 
vhose ph cal propertic ha CI | 
determined t the Bureau at ! labora 
ri Foreign remittance " bn n | N 
exchange ind hould = include in additional 
of the publication t ‘ tiling 

cost 

PROCEEDINGS Ol CONFERENCI ON 
ENGINEERING FDUCATION AND Nt 
CLEAK ENERGY Ihe United State Atomic 
Energy Commission AFC has issued a 200 
page proceedin ola conterence on engineering 
education and nuclear ener held Septem be 
1956 in Gatlinburg lenn Presentec bey the 
AEC, the Oak Ridge Institute of Nuclear Studie 
ORINS), Oak Ridge National Laboratos na 


the American Society for Ff 


ngineering Education 


the conference included papers by leading edu 
cator industrial administrator md Govern 
ment ofthcials including AFC Commissioner 
W I Libby The proceedin include tran 
scripts of the papers by the 29 speaker ind a 
list of conference participant Dr. W. W. Gri 
gorieff, chairman of the University Relation 


Division of the ORINS, i 
tip ’ which is now « 
Ofhice of 
Commerce, Washington 


lechnical Ser 


DESIGN OF MINIMI 


volume 


m ile tor $I by the 


editor ot the 


ice Department of 


ID¢ 


M WEIGHT MAG 


NETIC CORES. A method of calculation useful 
wherever weight is a factor in the design of 
magnetic amplifier components has been devised 
it the Naval Research Laborator [he method 
i described mn a technical report released for 
industry use through the Office of Technical 
Service OTS), S. Departmen of Com 
nerc Ihe method enable calculation of the 
configuration of the magnetic core. case and 
coil iclding minimum weight for a iven volt 
econd §capacit oft ' nagnetic core ina coil 
Ihe analysis i ery eneral and take nto ae 
count limitin quantithe ucl " ndin re 
istance id magnetizing current I can be 
extended to include weights of other relates 
component ict i thie i wiated batterie 
merely by th vidition of the appropriate ter 

to the total weight equation Ihe report, PR 


121776, |. W. Kallander 


ratory, January 19 na 
I S Department of 
D.C. tt contais A pa 


PROCEEDINGS OF TI 
INDUSTRIAI RESEARC 
I he proceedings of this c¢ 
ordered at “SO a 
Foundation of Ill 
Chicago, Ill Phe proceed 


mi management-level dec 





vaval Research Labo 


Commerce Washin 


‘ rice Oe 


{Fh 1997 NATIONAT 
if CONFERENCE 


milcrence now cal tw 
mm Armour Researct 
titute of Techn 
wlude 12 pape 
1 on I « ct int 





ex ‘ © ¢ noe Ay 4-25, 195 

( i lhe | ‘ deal witl le \ 
t! research, more esearch f lolla 
in lends tron cseare Cope ma 
be lere i M Alice | NIRC. 11 
\ Re h Foundation, | W bh St 
c | i o ' b ‘ é 
by i n 


hit INDUSTRIAI CHEMISERY PROP 


ERITES AND APPLICATION Ol SILI 
CONES I the 1} Ma Lex 
presented a he 10 \ Ni 
\ Sun 1 \I LSTt 
I ID ( I K ! ral 
| ‘ “ ! ner ( I 
( W ! N y ( 

{ AST} t I 
¢ Pa i si ca 


ISOTOPE INDEN r 




















KECEIVING 
GULDEBOOK ba foll 
tell cl American receive ‘ 
ed tor Eu eal ‘ 

et Jo br. Rick Publishe Ir \\ i 
St R York 11 \ ! j 
tl plemen t he Lece 1 

itu n C-uidebook by H. A. Mid i 

hict contalt mere that in t i 
Americat ibe subst ns a \ 
ican t buropeat lb bosti ' i} ! 
ilso instructs in the nece ul i I 
icew of ‘ mite ot toreigt 
ceive ery ie techniciat i fi ' 
ot ‘ ty KR ¢ mel iltiaty | i 
slse ‘ r eC ’ i ind 
picture ibe bstitution ‘ l 
ment of material i wh tha t ractical b 
ing condition his bool " "i 
ire actuall 4 servicing tool instea " ipl 
bowk A cumulative inde i he « ! { ! 
thira upplement turther Lippe ‘ clain 
that these four cliumne i « 7. i I 
technician who have ut sf it b | ! 
ible to locate the tube iu he ‘ by 
tution na jill 

ASTER COLLECTED TECHNICAL PAPER 
Availabilit of the Silver Anniversat I then 


of their annual Collected Lechnical Paper | 
been imnounced b th Americar yociet 
lool Engineer AST I} bn ed 

ot the iv Collected Paper ent 
leatherette- bound olume 1 eparate pa 
inclucdts the first Bli Whitne lemorta le 
ture by Louis Polk, and two complet 

mbracing 12 papers each, on Ce ¢ Toolin 
andl Plastic I ooling I hewe ape 

ente he recent Silwve Aninive ( 
ention of the ASTE in Housto lexa I 

‘ ten ‘ btitne covet 1 1“ 

ran ' trow the m f a ; ‘ 
conve i iwatlable tconla t ct 

temrl t ! ‘ nee ' bert 

atelit chin Also ere ‘ 

om «e ‘ nm rollin eal ce 
nan ‘ ' wivance the cone ”" mel «le 
opie f jie Standard Ti i 

thie ivement- tool en nee ca I hve 
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4— Insulation 
. Audible Noise 


and 
Appointed by AIEE 


Air Transportation 
Basic Sciences 


S, Departments, and Committees 


Manual M. M 


Power 
for Impulse 


Co-ordinating 


Coordination 
Vibration 


Clem, Chmn 
Brandon 
Chmn 


J. Smith, Chmn 


Low-t requency and 


J FE. Clem, Chmn 


Committees 


Rutan, Chmn 


E. j 


Principles for Rating of Electric 
Apparatus | 


J. Vogel, Chmn 
J H. Foote, Chmn 
Problems 
Veinott 


Cc. G CAmn 


Technical Committees 


R.A 
W. R. Le 


Rugge 
Page 


Chemical Industry t 
Frolliott 
Hellman 


Mathes 


Communication Switching Systems 
Communication Theory K 
Dielectrics K. N 
Application 
G. EB. Schall 
Welding R. |. Krieger 
blectronic Instruments 
R. K. Hellman 
Electronics B. Brown 
Flight Test Hodgson 
General Industry Knapp 


Domestic and Commercial 
Flectric 


md High-Frequency 


Instrumentation VW 
Applications G. W 
Integrating Instrument 

J}. HH. Mille 
Industrial Control FE. F. Meckelbur 
Industrial Rectiher H. Winograd 
Incltustrial System ] le 
Insulated Conductors r M. Hull 
Land Transportation R. A. Williamson 
Mdyenetic Amplifiers Ht Kellogg 
Marine [Transportation W. N. Zipples 
Mining & Metal Industry rt. R. Hugus 
Nucleonic & Radiation Lostrument R. F. Shea 
Industry L. I 
Ceneration ( t 


Indicating and 


Powe! 


Power oriero 


Oberhelman 
Paulu 


Farmet 


Petroleum 
Power 
Power System Communications no 
Production Application of Light 
Il) VW Rowten 
Devices A MM Opsahl 
Radio Communications Systems W. R. Donsbach 
Relays F. von Roeschlaub 
Rotating Machinery .. @& 
Safety R. Cutts, fr 
Semiconductor Metallic Rectifier I. KR. Smith 
Solid State Devices J. R. Roeder 
Special Instruments & Auxiliary Apparatus 
H Sohon 
Substations J. A. Smith 
Switchgear W. |. MeCloska 
System Engineering J. He. Rinse Jr 
lelegraph Systems V. N. Vaughan, |r 
Aural Broadcasting % 


and 


Protective 


Dorfman 


Television and tems 

( I Dean 
| ransformers (. W. Miller 
Transmission and Distribution H. LL. Davis 


Wire Communications Systems D 


Appointed by Standards Committee 
lo ASA 


Name of Comm 


Sectional Committ 


Project No tRepresentati 


A Il Industrial Lighting 

R. D. Churchill ¢ 
Piping Systems 

H. R. Harri 
stors 
Gu 
School Lighting KR. ¢ 

FE. M 

Protective Lighting for 

Properties Db W 
Safety Code for Mechanical 

Refrigeration Ww. ¢ Goodw 
Safety Code for Cranes, Derrick 

and Hoists S. Rifkin ( 
Wire and Sheet Metal Gage 
W. A. DeliMar 
A. Jones (alt) 
Hancock (alt) | 
Designation of 
Mullen ( 


A 13 


Identification of 
A 17 Safety Code for Ele 
Reppert (' 
Putnam 
Strong (alt 
Industrial 
Rowten 


'y 


4 
M.S 
and 
Oualities 2 
Safety Code 

ee Kanowuse 

RK. Coulbourn (alt) 

A.B 


Against 


Classification 
Surtace 
Electric il 


Campbell (alt) ( 

Protection Lightning 

"WwW. W 
H. RK 

Rotation, Connection and 
Markings for Electric Power 
Apparatus 


Lewis 
Stewart 


lerminal 


K. Fro 

c. | Asbur 

RK. F. Munier 

Conductor 
J. H. boot 
Cable 

W. N Zippler 
*W. A. Del Mar 

L. C. Petermann 

ae F 

Magnet Wire H. Halperin | 
fF. A. Miller (alt) 
Flectricity Meters 
CI 

" ! ( 


Bare Electric 


Insulated Wires 


and 


Corry 


Code for 
Dawes ( 
unheld 


“Chairman of AIRF delegation 

** Appointment temporarily open 

tNumber following name indicates 
ment terminates (All end ful 
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ch (juipment 


P. ©. Shedd 


"RK. E. Poole 
Cells and Batteric 
W. BB. Kouwenhoven 
rol Apparatu 
John 


Hapgood 
W. Lewi 
Hagenguth 


W. Morton 
( Hi. Wilh 
Machines on 
olive md Kail 
Casoline-Blecti 
Coache 
"Eh. A. Foster 
iL Johnson 


\. Lane 
Woodrow 
W ood 

Van Sickle 
I KR. (,at 
Vivian (alt 


Hyak lt) ¢ 


piiment 
H. Koenig 
RK. Feldt 
M. B. Stout 


it \. Stover 
H. C. Rigg 
Klectrical Term 


J. BE. Clem ( 


I 1. G,reen 

Bh. Paxton 

f. Wagner 
C. L.. Dawe 
bl. B. Silsbee 

r Machines 

fe Alyer 

H. Morgan 

RK. |. Beeswy 


J. deKiep ( 


L.. Killgore 


Pollard (alt) ( 


Noest (alt) ( 


% Capacitor M. Ek. Scoville 
7 Iranstormers, Regulator md Reac 
J. L. Cantwell 

DD. M. MacGregor 

W. C. Whitman 

"rh. J. Vogel 

J. KR. Meador 

Db. I Curtner (alt) 

Hi. M. falonmack (alt) 

DD. L.. Levine (alt) 


Electrical Insulating Materials in 
General J. F. Dexter 
“lL. J. Berberich 
K. N. Mathes 
W. B. Kouwenhoven 
hlectron Lube *]. B. Russell 
A. J. Williams, Jr 
D. S. Peck (alt) 
Flectric and Magnetic Magnitudes 
md Unit 1. S. Gray 
J. J. Smith 
J. B. Russell 
J. Ht. Miller 
Lightning Arreste: 
Ht. RK. Stewart 
G. K. Dithow 
G. F. Lincks 
A. R. Hileman 
Radio-EBlectrical Coordination 
DD. F. Shankle 
Brushes tor Electric Machines 
*F. R. Terrant 
H. fF. Brown 
V. P. Hessler 
Pieterred Voltages—100 Volts and 
Below L.. S. Inskip 
Measurement of Voltage in Dielectri 
Lest W. W. Lewis 
*}. H. Hagenguth 
M. Newman 
Electric Fences C. F. Dalziel 


Domestic Flatirens and Other Hea 
Producing Portable Household 
Appliances r. H. Cline 

Houschold Electric Ranges 

I. H. Cline 

Electric Water Heaters ee 


Officers, Departments, and Committees 


« 


Attachment Plugs and KReceptac le 
S. Beckwith ( 55 
H. H. Watson (alt) (60) 
Bushings F. A. Lane ('58) 
*j. R. North ('59) 
I. F. Brandt ('60) 
A. EB. Brock (61) 
Electronic Components J. G. Reid ('61) 
Terminology for Automatic Control 
FE. I. Davis a) 
*G. W. Heumann ('59) 
O. W. Livingston (‘60 
RK. E. Murphy (‘61) 
Shockproot Cable Terminals and 
Receptacles for X-Ray Equipment 
R. F. Wilson (6 
Machine 
"|. F. Dettenbaugh 
I J. Limpel 
Ke tance Welding Machine 
J. fF. Detlenbaugh 
lransformes 
A. V Hughes (58) 
P. A. Vance ('60) 
Kubber Protective Equipment for 
Flectrical Worker 


Apparatu 


Arc Weldin 


ecialt 


J. J. Pokorny 
Safety Rules for Installing and 
Using Electric 
Coal Mine 


Equipment in 


A.C. Muir oD) 
Z. Linsenmeyer alt) (61) 

Safety Rules tor Installing and Using 
Electric Equipment in Metal Mines 
"A. B. Chafetz 8) 
L.. C. Ford ('60) 
Cc. L. Gust (61) 

mm Quarry Operation 

'. V. Winchester (‘58 


uclear Lastrumen 


Saltet ( '« 


NX 


Electrical Requirements tor 
Reactors and Nuclear Powe: 
Systems and Generation and 
Application of Nuclear Radiation 


Reactor Hazard J]. M. Finan (60 
Wood Pol F. W. Smith (61) 
*L. R. Gamble ('59) 
Acoustic Cc. G. Veinott (61) 
R. H. Lee (alt) (59) 
C. H. Smith (alt) (60) 
Mechanical Shock and Vibration 
A. Arents ('59 
Bioacoustics site 
Abbreviations H. P. Westman ('59) 
Letter Symbols *H. M. ‘Turner (°58) 
H. P. Westman ('60) 
Drawings and Drafting Room Practice 
F. P. Kuhl (°59) 
Preferred Practice for the Presen 
tation of Graphs, Charts and 
Other Technical lustrations 
G. C. B. Rowe (‘58 
Graphical Symbols and Designations 
L.. E. Markle (58) 
*G. S. Lunge (°59) 
M. D. Ross (alt) (61) 
Preferred Numbers 
H. P. Westman (‘58 
Marking of Compressed Gas Cylin 
ders to Identify Content 
H. R. Harris (‘60 
Safety in Electric and Gas Welding 
and Cutting J. H. Lampe (60) 
Safety Code for the Industrial Use 
ot X-Rays J. T. Wilson ('61) 
Sound Recording L. C. Holmes ('58) 


To Joint Committees 
AIEE-NEMA-EEI Joint Committee on Insula 
tion Coordination 

]. H. Foote, Chmn. AIEEE Delegation 

AIEFE-IRE Committee on Noise Definitions 
R. S. Tucker, Chinn 
AIFF-ASME Committee on a Recommended 
Specification for Prime Mover Speed Gov 
erning W. C. Astley, Chmn 
ASME-AIFE Joint Committee on Steam Turbine 
Generators F. V. Smith, Chmn 


To Other Standardizing Committees 


American Research Committee on Grounding 
Cc. T. Sinclair 
Copper and Copper Alloyed Wires for Electric 
Conductors (ASTM B-1) 
E. Fogg Cc. T. Sinclair 
Electrical Section, National Fire Protection As 
sociation 


Robin Beach W. B. Kouwenhoven 
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industry Committee on Interior Wiring Design 
M. M. Brandon L. C. Petermann 
ISO Tech. Comm, 37—Terminology 
L. Dawes 

U. S. National Committee, LEC 

R. C. Sogge 
Canadian National Committee, IE 

W. P. Dobson, President 
Mexican Liaison Representative J. V. Schmill 


President 


To Electrical Standards Board of ASA 
and U. §. National Committee of 
International Electrotechnical Commission 
Representative iliernates 
J. J. Pilliod (12/57 I. W. Gross (12/57) 
EE. B. Paxton 2 R. D. deKay (12/59) 
F. E. Harrell (1: ) R. S. Burnap (12/60) 

issignment 

Communicatio Electronic Power 
R. 5. Burnap Gross 
R. D. deKa Harrell 
J. J. Pilliod .. B. Paxton 

lo ASA Acoustical Standards Board 
A. Peterson (alt) (12/60) 

raphic Standards Board 
H. P. Westman (12/58) 
To in r Standard 
Muit 2/57 J. A 


To ASA Nuclear Standards Board 
W. E. Barbour (12/58) 
A. P. Hayward (alt) (12/58) 


Board 


Dunn (alt) (12/57) 


Student Branches 


| WwW Rittenhouse 
Equipment Co 1000 | 
land, Ohio 
C. J. Grimm, Vice-Chairman 
D. R. Boone, Secretary 
J. S. Antel, Jr 
D. H. Beal 
C. J]. Beller 
FE. W. Boehne 
0. A. Boyer 
J. L. Callahan 
I B. Cherry 
L. F. Cleveland 
H. E. Corey, Jr. 
Walter Criley 
R. F. Danner 
Harry S. Dixon 
Cc. F. Evert 
W. R. Grogan 
E. T. B. Gross 
L. J. Hollande: 
E.R Jones 
G. V. Lago 
I Larsen 
Jacques Laurence 
B. Lucas 
4 McKee, Jr. 
Lee M. Moore 
I Nonemaker 
{. V. Poe 
F. Sibila 
N. Stone 


Chatrman 


Hi-Voltage 
116th St Cleve 


Rolla, Mo 
Philadelphia, Pa 
Washington, D. C 
Chicago, Ill 
Cleveland, Ohio 
Cambridge, Mass 
Corpus Christi, ‘Texas 
New York, N. ¥ 
Beaumont, Texas 
Boston, Mass 

New York, N. Y, 
Nashville, Tenn 
Oklahoma City, Okla 
Berkeley, Calif 
Cincinnati, Ohio 
Worcester, Mass 
Arlington Heights, Ill 
New York, N. ¥ 
Denver, Colo 
Columbia, Mo. 
Baltimore, Md 
Montreal, Que., Canada 
Coral Gables, Fla 
State College, Miss 
Columbus, Ohio 
Allentown, Pa 
Clemson, S. C 

Akron, Ohio 

Corvallis, Oreg 

A. ‘Tucker Cambridge, Mass 
} Ungrodt Milwaukee, Wis 
Vail Durham, N. C 


R. T. Weil New York, N. Y. 


Chairman of District Committees 
on Student Activities 


Ralph Gentile Potsdam, N. Y. 
Finley W. Smith Easton, Pa. 
J. R. Rankin New Brunswick, N. J 
H. A. Owen Durham, N. C, 
John D. Dixon Grand Forks, N. D. 
G. E, Gless, Jr Boulder, Colo. 
R. R. Krezdorn Austin, Texas 
James L. Knickerbocker Tucson, Ariz. 
R. E. Stephenson Salt Lake City, Utah 
Maurice Boisvert Quebec, Que., Canada 
R. W. Schindler Cleveland, Ohio 
Philip Seal Northfield, Vt. 


Surveys 


F. C. Roberts, Chairman; General Electric Com- 
pany, 570 Lexington Ave., New York, N. Y. 


ELECTRICAL ENGINEERING 





( A. Wells, Vice-Chairman Los Angeles, Calif » M. Tomlinson Philadelphia, Pa ( A. Wells os Angel ( 
( Dorsa, Secretar New York, N. ¥ ]. G. Weeks Chicago, ll }]. B. Williams Philadelphia 
D. I sraymer New York, N. ¥ G. R. Zilliax Vancouver, B. C., Canada L.. FE. Williams Melbourne 
W. R. Harris Fast Pittsburgh, Pa W. |. Wortman Charlotte 
H. J. McCreary Chicago, Illinois rR. EB. Wright Pikesville, Mad 
I W viic Chicago, Il 
Communication Theory Committee 
Transfers ‘ 
R. K. Hellmann airman; Hazeltine Ele Felegraph Systems Committee 
Concordia, Chairman; General Electric Com tronics Corp 25 Litth Neck Part 
pany Analytical Engineering Section Little Neck 62 VW Smith, Chatrmar Western Union Te 
Schenectady 5. N. Y > H. Brown, Vi airn Camae ! h Co 60 Hudson St 
H. J. Dible, Vice-Chairman Cleveland, Ohio S. Schwartz, Se a New York 
W. B. Fisk jx Secretary New York, N. Y G. Abraham New York \ iughan, fr 
R. K. Drake Fort Wayne, Ind Beak Baltimore 
M. M. Ewell Portland, Ovreg Bennett Murray Hill » Vieth, § 
W. W. Holloway New York, N. ¥ tramhall New York, N. \ |. Balehan 
F. H. Knapp Cleveland, Ohio N. Buchet Camden, N. | D. Biggam 
K. |. Knudsen Naugatuck, Conn ; Cooper West Lafayette, Ind H. Bli rinceton 
L.. Meyer York, Nebr Depp Murray Hill, N. J Booth 
S. Moulton San Francisco, Calif Francis New York, N. Y ». Cooley 
H. R. Paxson Philadelphia, Pa Jarvis Winnetka, I Dent 
B. Powell Boston, Mass Peterson Cainesville bla Fasterlin 
M. Robertson Denver, Colo Ruina rbana, Ill Forrest 
DD. Sloan Puliman, Wash Shuey Schenectady, N. Y H. Gardiner 
(,. Stantord Atlanta, Ga Spaulding Denver, Colo A. 5S. Hill 
V. Waddington Wichita, Kans ; Sziklai Fimira, N. Y }. V. Lb. Hogan 
B. Weaver San Benito, ‘Texas Vogelman Rome, N. ¥ Alfred Kahn 


R. Wilhelm Washington, D. ¢ W. Y. Lan 
Robert Lesnick 


R. B. LeVino 
, . ° ar ° ° a yeh Mathew Jr 
Volta Scholarship Trustees Data Communication Committee 1. B. Moore 
FE. L. Parkington 
Charles A. Powel San Mateo, Calif A. E. Frost, Chairman; Western Union Tele H. A. Rhode 
Term ex] Jul i] 1959) graph Co 60 Hudson St Room 807 R. B. Shanck 
Harold S. Osborne, Chairn Upper Montclair New York 13, N. Y R. B. Steele 
Me J W. K. MacAdam, Vice-Chairman; New York R. G. Wampach 
(Term expire Jul i], 196] a. oa H. P. Westman, St 
Harold L. Hazen Cambridge, Mass H. F. Caley, Secretar New York, N. ¥ W. H. Worsham 
(Term expires Jul 1, 1963) ee Armistead Jr New York. N G. B. Worthen 
G. A Jaird Paoli 
R. A. Barbeau ‘oughkeepsie, N 
W. B. Blanton New York, N oun es 
T | ° | C ° -  Wisdeet Rochester, N. Y Television and Aural 
va. . eo 5 . . 
ecnnica ommiuttees W. A. England Morris Plains, N. J Broadcasting Systems Committee 
M. E. Ferguson San Carlos, Calif 
P ‘ a ets J. A. Goetz San Jose, Calif ( M. Braum, Chairman; Joint Council on 
Communication Division R. M. Gryb Murray Hill, N. J cational Television, 1785 Massachusett 
R. M. Kalb St. Paul, Minn N. W Washington 6, D. ¢ 
- . =e F. G. Miller Camden, N. J Cc. E. Smith, Vice-Chairmar Cleveland, Ohio 
Communication Division Committee V. N. Vaughan New York, N. ¥ O. W. B. Reed, Jr., Secretary Washington, D. ¢ 
I Whitman New York, N Y Ww I) tuker Atlanta, (sa 
Fk. DD. Bareu ‘ Angele Calif 
John Meszar, Chairman tell Lelephone Labora » H. Brown Camden, N. | 
tories, Inc., 463 West St., New York, N. ¥ B. Coleman Camden, N. |] 
( FE. Dean, Vice-Chairman; Little Neck, I BR. Cove Ne York. N. ¥ 
' 


hhicag 


N. ¥ Radio Communication Systems rented Little Neck N.Y 
G. Abraham, Secretary New York, N Committee i ‘ Cleveland, Ohio 
A. Affel Murray Hill, N Sivteene. Be 
DD. Becken New York, N 
a aiptons . , ut Hill, N 
B. Bramhall New York, N R. D. Campbell, Chatrme verican Tel. & ol et reas a 
M. Braum Washington, D fel. Co., 195 Broadway w York 7, N. ¥ " ‘ 
D. Campbell New York. N David Talley, Vice-Chairman Clifton, N on . 
§. Coggeshall New York, N P. T. Sproul, Secretar urray Hill, N. J 
FH. 1. Cone Palo Alto. ¢ R. O Bach Seattle, Wash 
A. FE. Frost New York, N ( seale Denver, Co! 
R. K. Hellmann Little Neck, L. I., N I Becken New York . 
William Keister Whippany, N J Butterworth . + N 
L. R. Montfort New York, N Carson : 
F. W. Smith New York, N Caruthe ye Small 


D. L. Solomon Alexandria Combellick 
Corbell 


\ ‘ 
\ ’ V Opp saltimeor 


Boulder 


lown 

Currie lowner 
Dellinger otte ee mon . 
i i i i ucker Dall 
Communication Switching Dickieson Murray Hill ! - ta 
‘ Dodrill Washington Walker Vashingt 


Systems Committee Ticteatiiaie “ary ances Ps Wood Philadelphia 


on 


Farrell New York 
Dd. I Solomon, Chairma Arm Signal Com Hott Cleveland, O} 
munications Engineering Agency, P. O Jone Murray Hill, N Wire Communication Systems 
Box 5°37, Alexandria, Va Krau Philadelpl ’ 
F. May, Vice-Chairman Whippany, N. J Krau New Haven Committee 
I). Reese, Secretary brie Pa ». Landi Comesto P 
W Anderson joston, Ma Likel New York 
H. W. DeWitt New York, N. ¥ Long eport i 
G. F. Drum New York, N. Y MacDonald Chicago, Ill 
( I Ffiolliott Chicago, Il Marsh mden, N ] Osgood, t 
Benjamin Finman New Haven, Conn Mattern Cleveland, Ohio Hyneman 
Cc. W. Freeman Galion, Ohio McDonald Montreal, Oue Canada Albert 
A. I Joel Whippany, N. J MecSweeny New York, N Armstror ‘ 
F. Jones Nutley, N. J Meader boston, Ma Bartlett Jew 
R. M. Kautz Washington, D. ¢ \ Miller ng Bolle Los An 
William Keister Whippany, N. | Nexon p 0 mY on San brane 
FE. S. Kelsey Montreal, Oue Canada Nider ! Burnett jirmingh 
WW |. Larner Chicago, Ill Pinkerton ‘ i N. Y > surridge onto. Ont 
Markle Endicott, N 
Meszat New York, N 
Morris Rochester, N 
Neikirk Whippany, N 


Shedd ‘ . artes wn Francisco 


y 

y Street, Jr 5 ' ! ! la sruther Ne York 

y Stringfhield Portland, Oreg inadell Dalla 
Robinett, Jr Kansas Cit Mo \ Darlington lamy 

Peterson Chicago, Ill Slack Baltimore Ma Mi I Depperman . vi 

Settles Denver, Colo B. Tharp i more, Me F llestad 

latum Dalla Lexa MI. Walst New rk, 2B ming 


SEPTEMBER 1957 Officers Departments and Committee 
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General Applications Division 


General Applic ations Division 


Committee 


HM. ob. Hoebel 


i ( | 
) 

\ Anal 
iw 3 Hircl 
m. @ Ib 

Ie Dh i 
} \. hoster 
K C,ardine 
I 


Air Transportation Committee 


Peter Duyan 


lo Tine 

Monica 
D. He. Seo, | 
so Lyon 


}. W Allen 


w. joughton 
( | sreitwhe 
WV ( Hiyant 


Kb. KR. Burke 


ta S Conrad 
W. HL. Crov 
] . Datla 


bo kK. Dobbin 


7 biliott 
Db W. Exner 
H. 2. Felix 


bk. HL. binehes 


bred bouton 


Daniel Friedman 


I. I brit 
\ I. tlaa 


HL. Ehanville 
M. O} Johnise 


| 1). Jone 
| th hKeye 
I }. Kotnib 
lL. RK. Larson 


Miu tL. Lowe 
( ( Martin 
John Mastan 


1. HW. MeNary 


1 DD. Miner 
KR. L.. Olson 
i. B. Owen 
A. b. Pelster 


J. F. Randact 


H. F. Rempet 
R. A. Rugge 
M.A. Silva 


K. R. Senythe 
K ]. Sorensen 
Mike trbovich 
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Q, ¢ Walle Cleveland, Ohi 


A. J. Wesiowski Erie, Pa 


B. J. Wilson Washington, D. ¢ 









Domestic and Commercial 
Applications Committee 


(, I Schall Ji Chairmar Underwriter 
Laboratori Ine 161 6th Ave New York 
Is N. ¥ 
ih. F. Parr, Vice-Chairman Mansfield, Ohi 
W. BR. Crawtord, Secretar st Joseph Mict 
( W sar Philadelphia Pa 
* seckett San Francisco, Calif 
©. K. Buck Los Angel Calit 
M. J. Carroccio Fort Wayne, Ind 
I. H. Cline Newark, Ohi 
J H. Cox Sunnyvale Cali 
(,. ¢ Crowl Asheboro, N. ¢ 
J. A. Deubel Milwaukee, Wi 
H. N. Bane tirmingham, Ala 
A. ( Gibson Nashville lenn 
J. ¢ Hoe Los Angel Calit 
QO. W. Hurd Kenn ck, Wasl 
A. G. Jano Louisville bk 
Hi. W. Kelle Washington, D. ¢ 
> £ Kram North Canton, Ohi 
Bb. HE. Martin Chattanooga, Tenn 
W. RK. Milb Detroit, Micl 
J. HH. Oliver Schenectad N. ¥ 
W. J. Ridout, Jr New York, N. ¥ 
I N. Robersor Seattle, Wasl 
I I Rundlett Staunton, Va 
|. I Ryan Louisville, k 
R. G. Seott Vancouver, Bb. ¢ Canada 
G. S. Smith Seattle, Wash 
William Vermeulen Bridgeport, Conn 
H. He. Watson Bridgeport Conn 
G. H. West Poronto, Ont., Canada 
l I Woodson Lo Angel Calif 


Land Transportation Committee 


I \ Foster Chairman Railroad Division 
Fairbanks Morse Co., 600 8S. Michigan Ave 
Chicago 5, Il 


P. «, Lessmann, Vice-Chairman Fast Pitt 
burgh, Pa 

1% Price, Secretar Schenectady, N. ¥ 
J. ¢ Aydelott Eric, Pa 
- « Barne Seattle, Wash 
RK. J. Berti Omaha, Nebr 
L.. S. Billau Baltimore, Md 
iL. sirch Mansheld, Ohio 
H. F. Brown New York, N. \¥ 
D. M. Burckett Boston, Mas 
R. Fk. Carter Sacramento, Calit 
A.V. Dasburg Rochester, N.Y 
V. FF. Dowden Philadelphia, Pa 
Llewellyn Evan Chattanooga, Tenn 
Randon Ferguson Chicago, Ill 
kK. H. Gordon Philadelphia, Pa 
W. 5S. H. Hamilton Larchmont, N. ¥ 
Db. FF. Haney Montreal, Que., Canada 
( F. Harve Washington, D. ¢ 
P. H. Hatch Richmond Hill, N. ¥ 
C. M. Hine Wilmerding, Pa 
|}. G. Inglhi loronto, Ont., Canada 
RK. L. Kimball New York, N. ¥ 
( A. Koch Cleveland, Ohio 
P QO. Laut, lopeka, Kan 
Ss. B. Lent Boston, Mas 
S. W. Marra New York, N. ¥ 
Bruce McDonald San Francisco, Calif 
Fk. B. Meissner, |r St. Louis, Mo 
1. H,. Murphy Pittsburgh, Pa 
S. R. Negley Philadelphia, Pa 
Db. H. Noble Chicago, Ill 
\. G. Ochler New York, N. \ 
Db. S. Onnen New Haven, Conn 
J. H. Ray Cleveland, Ohio 
Fb. LL. Requa San Francisco, Calif 
William Schneider Pittsburgh, Pa 
(.. J, Sennhauser, fi Cleveland, Ohi 
[a Shedd, Jr New York, N. Y 
Dwight L. Smith Highwood, Ill 
S. V. Smith Philadelphia, Pa 
Jacob Stair, Ji Philadelphia, Pa 
Db. R Staple Eddystone Pa 
R. FE. Stillwagor Fast Pittsburgh, Pa 
M. C. Swanson Chicago, Ill 
J. L. Swarner Chicago, Ill 
J. D. Sylvester loronto, Ont., Canada 
J}. T. Turner Vancouver, B. C., Canada 
R. W. Volpe Frie, Pa 
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Marine Transportation Committee 


Production and Application of 
Light Committee 


Industry Division 


Division Committee 


Chemical Industry Committee 
nm. MM 
chanical 
Ogallala 
R. Olson 
N. Fogg 
Andreae 
Baxandall 
A. Black 
Borghesani 
J. Borrebach Fast 
I. Bowditch Cleveland, Ohio 
S. Collier Wilmington, Del 
W. Enoch fr. St. Louis, Mo 
H. Fisher Corpus Christi, Texas 
illiam Fraser Arvida, Que., Canada 
Geers Monsanto, TU 
Glaza Freeport, Texas 
Graham Rome, N. ¥ 
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PY want a 
better end 
for 
your ideas? 


“They spend a fortune to find us—and 
then relegate us to meaningless detail” 
Familiar? Too familiar — but these are 
words you'll never hear at Firestone’s 
Guided Missile Division. Your ideas, 
your talent, your genius-in-the-making 
won't end up in routine rehashing of 
run-of the-treadmill rudiments 


Why ? Part of the answer lies in 
Firestone’s small-project, select-team 
approach to large-scale engineering 
problems. Part lies in over half a century 
of intelligent and successful 
administration of scientific efforts 


The large-scale engineering problem in 
our Los Angeles headquarters is the 
continuing development program for 

the Army's Corporal. In Monterey 
Carmel-by-the-Sea, our new Engineering 
Lab is busy plotting new directions for 
guided missiles. And while you're making 
the most of your professional ability, 
your family (and you) will fall in love 
with the Golden State of living! 


Write us today for the best of all possible 
ends for your ideas in 


Test Equipment Design 
Electronic Servo-Engineering 
Instrumentation 


Electronic Systems 


Firestome/evivces missice oivision 


RESEARCH + DEVE 


LOPMENT * MANUFACTURE 


AT FIRESTONE + LOS ANGELES + MONTEREY 


WRITE: ELECTRONICS 


ELECTRIC 


STAFF DIRECTOR 


1/ 
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LOS ANGELES 54, CALIFORNIA 


17A 





elemeter 


ANY VARIABLE 








Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 

The Model 1025 Tele 


meter Transmitter con 


verts DC mv from thermal 


Accurate seis b's irom thermal 
HIGH-SPEED cps waich tesmmmenes mod 


ulates a built-in audio tone 


Continuous anger yao ot are also 
available 

Telemeter and demodulates transmit 

ed signal, gener: g 

for Tt Ps for ae he aig he 

VOLTS recorders or indicating in 

AMPS struments. Up to 45 tele 

WATTS 


VARS 
ETC. 


10 to 40 cps 


Receiver detects 


meters can be multiplexed 

Any communication 
link, including power line 
carrier, Microwave or wire 
line may be used 

Over-all accuracy is 1% 
with a response speed of 1 
Equipment fea 
tures a built-in calibration 


e 
Built-in 
§ if- ‘ ‘ fo 1of ‘ | « c 
. eC » ne mel Dod. oak Ghane 
Calibrating :"',°° «” 
ne os 


millivoltage or will oper 


set ond 


transmitter 


ate a slidewire may be tel 
emetered 


\ . WE CAN HELP YOU 
| = Our Applications Department is 
ae ready to assist you in your control, 
telemetering of communications 


rate’ 
wails problem. Phone DEerfield 4-3100 


Write for Technical and Application Data. 
q - y 

Radio Frequency 
© tel 7 baer tis yal, len 
Boonton, New Jersey, U.S.A 


Please mention ELECTRIC 
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INDUSTRIAL NOTES 


The Research Instru 
Portland, Oreg. has moved its 


Larger Quarters. 
ment Co 
operations to new and larger quarters lo 
cated at 7962 S. EB. Powell Blvd 


6, Oreg. The new facilities provide an in 


Portland 


crease in working area of 400°), including 
space for additional expansion 

Miniature Transistor Transformers. The 
Transformer 
Varick St New York 15, N. Y., an 
nounces the addition of seven new types 
ultra-miniature DO-T 
transistor transformers, These DO-T units 


tL nited Corporation 150 


in thei tine of 


eight only 1/10 ounce and are fully 
hermetically sealed to MIL-1T-271 speci 


fications. Included in this new group of 


uiditional types are a number of 500 


milliwatt units designed for 


push-pull 


transistor to 600-ohm line, a chopper in 


put transformer, transistor interstage 


transformer, and a line to line matching 


transformer 


Preweighed Adhesive Compounds, ‘These 


compounds for hermetic-sealing applica 


tions are now available in one-shot pack 


ives (mix, use, throw away). Developed 


by Bacon Industries because of the de 


mand for precisely weighed amounts of 


wihesive compounds for sealing yvyro 


FA-l and LCA-l 


have been individually packaged ino two 


cCOpes the adhesives 
parts to provide small, accurately weighed 
to +3°)) quantities of both adhesives 
ind activator, In each type of compound 
the adhesive is in a container sufficiently 
large to allow adequate mixing space tor 


the activator. The activator is in sealed 


glass ampules to prevent contamination 


Data Sheet 
I/1A contains further information on the 


ind) evaporation lechnical 
new product and can be obtained by writ 
ing Eldon Fay, Sales Manager 
Industries, Inc., 192 Pleasant St., 


Bacon 
Water 
town, Mass 


AiResearch Phoenix Expands. Expansion 
of electronic and pneumatic control fa 
cilities at Ihe Garrett 
\iResearch 


Phoenix Ariz., 


Corporation's 
Manufacturing Division in 
10,000 square fleet 


of working area, The construction will 


totals 


house 500 workers engaged in the com 
pany's growing electronic and valve busi 
ness, Othce area 


totaling 24,000 square 


feet will be for engineering, sales, piu 
chasing, and personnel people engaged in 
16,000 


issembly 


electronic and valve work, and 


square feet are allocated for 
and stores. The construction is the first 
step in a master plan which entails a 


120,000 square foot building 


Radiation 
(Ro l ) Nu 


has signed a con 


Analyzer. 
Laboratories, Ine 

cleonic Park, Skokie, Il 
tract to produce the first 
1024-channel 


alyver ton 


A Time-ol-Flight 


Counter 


commercial 
neutron time-of-flight an 
Saclay 
Atomic Energy Commission in 
France Ihe RCI 1024-channel 


inalyvzer measures neutron energy by de 


Laboratories of the 
French 


Paris, 


termining the time it takes a neutron to 


lo advertisers 


travel from a reactor to a distant detector, 
It is the only instrument of its kind on 
the market 


Resistor Manufacture. [he Vamistor Man 
Weston Elec 

Corporation, 619° Fre- 
Newark 5, N. ]., is now 


occupying expanded quarters in a new 


ulacturing Division of the 
trical Instrument 
linvhuysen Ave 

building recently completed in’ Union, 
N. J. Weston is a subsidiary of Daystrom, 
Incorporated. The Vamistor is the precis 
ion metal film resistor which has a special 
resistance allov fused into the inner surface 
of a moisture sealed ceramic tube in a 
dispersed form. The unit, which will han 
dle a full hall-watt loading at 125 C, is vin 
tually impervious to the effects of abrasion, 
thermal shock, and temporary overloads; 
in addition to having a temperature coet 
ficient better than =50 ppm per degree C, 
it is noise-free with excellent high tre 
quency performance. Vamistors are now 
furnished in resistance values up through 


1 ye gohm 


Office Lobby to Match Outdoor Light. An 
astronomical clock will be used in’ the 
bronze Seagram tower building under con 
struction at 375 Park Ave., New York, 
N.Y., to keep lobby lighting in step with 
daylight outside. This will equalize the 
light intensity tor persons entering of 
leaving the building. Sunrise and sunset 
are registered by the clock automatically, 
and the light in the lobby will brighten 
is the day gets lighter, or get dimmer as 
the sunshine lessens, to maintain intern 
ally the same light level of sunshine. This 
use of light eliminates violent contrasts in 
light intensity between indoors and out 
doors, and the lobby lighting blends with 
the natural light to dramatize the en 
trance, It is the first time light has been 
used for this purpose 


Lightweight Radio-Compass System. The 
exacting demands in engineering design 
ol navigation and communication equip 
ment for civilian and military aircraft has 
prompted extensive use of — glass-base 


NEMA Grade G-5) in 
Aircraft Radio Corporation's Type 2/ sub 


laminated plastics 


miniature Automatic Direction Finder 

ADF), a 19.6 pound automatic radio com 
pass system. The laminated plastic, manu 
factured by the 
Oaks, Pa 


vlass base grade bonded with a melamine 


Synthane Corporation, 


is a continuous-filament woven 
resin, and possesses high flexural, com 
pressive, shear, and impact strength com 
bined with high resistance to flame, heat, 
Although 


always an important 


and wide temperature changes 
weight factors are 
consideration in. aircraft’ equipment, the 
relative lightness of Synthane Grade G-5 
was only one of many factors influencing 
choice of the material for the aircraft 
direction finder, which weighs less than a 


third of that of earlier ADF systems. 


(Continued on page 22.4) 
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Here G. D. Schott (right), Flight Controls Department head, discusses computer solutions of control and guidance problems with 
E. V. Stearns (center), Inertial Guidance Department head, and J. E. Sherman, Analog Computer Section head. 


Lockheed Missile Systems announces new positions in 
MISSILE FLIGHT CONTROLS ~— the creative field for engineers 


Few fields equal missile systems flight controls in the need for original thinking. 
The ever-increasing performance of missiles presents problems that grow constantly 
in complexity. At Lockheed, weapon systems programs demand important 
advances in flight controls. Emphasis is on new ideas, new techniques. 
















Positions are open on the Sunnyvale, Palo Alto and Van Nuys staffs for engineers 
possessing strong ability and interest in: Research and development of advanced 
flight control systems for controlling missiles and rockets; system synthesis 


PALO ALTO 
72 MLeES FRONW 
GAN FRANC (600 
o Sisrerey VALE 
i ; 4 mm 7” MLES PRON; 
by application of control system feedback techniques; analysis and design of nonlinear ass daina GAN PRANCIBCO 
PALO ALTO 
Santa cruz 
reas’ eaaee 
wee FROM 
San PRANCIOCO 


servo systems; development of transistor and magnetic amplifier techniques in 


BUNNY VALE 


the design of advanced flight control systems; analysis and simulation of the dynamic SANTA CRUZ 
Tes’ eace 


performance of the guidance — autopilot — airframe combination; development 


ely I IS 
} 7? wee FROM 


of systems utilizing advanced types of inertial and gyroscopic instruments; 
OO aeGe ee 


analysis and design of hydraulic servo systems for controlling missiles at high Mach 
numbers; environmental and functional testing of prototype flight control systems. 


Inquiries are invited from engineers possessing a high order of ability. 
Address the Research and Development Staff, Palo Alto 43, California. 





4, Up f MISSILE SYSTEMS ~~: A‘DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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For your Magnetic Shielding Problems... 


MUMETAL is the answer! 





ati 
Tail! att 


Write for your copy 


“MAGNETIC MATERIALS” 


This 32-page book contains val- 
uable data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
recta: in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. EL-93 


Mumetal shields will give instant 
relief to interference caused by 
extraneous magnetic fields. This 
material can cure many troubles— 
solve many a problem for you. 

Use it where high permeability is 
required at low flux densities, such 
as in input and microphone trans- 
formers, hearing aid diaphragms, 
instruments, wire and tape record- 
ers, etc. For properly heat treating 
Mumetal, we can also offer commer- 
cial hydrogen annealing facilities. 

A fund of technical data on shields 


and other applications for Alle- 
gheny Ludlum Mumetal is ayailable 
—let us help with your problems. 

In addition to Mumetal and other 
high-permeability alloys, we offer a 
range of magnetic and electrical 
alloys and steels that is unmatched 
in its completeness. Our services 
also include the most modern facili- 
ties for lamination fabrication and 
heat treatment. @ Let us supply your 
requirements. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


Warehouse stocks of Al Stainless Steels carried by all Ryerson plants wow eovs 
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Simplex Wire & Cable Company’s new 1,400,000 volt im- 
pulse generator the first of its kind to be installed in 
North America represents just one aspect of research at 
Simplex. Simplex scientists and engineers originated the 
process of vulcanizing portable rubber cords and cables in a 
lead mold. Simplex developed the first heavy-duty portable 
electrical cable —- Simplex TIREX. The first truly moisture- 
resistant rubber insulation was the outcome of a commer- 


cially acceptable method of deproteinization developed by 

Simplex. Simplex designed the first interlocked armored 

cable for underground service Simplex CONDEX. And th 
now Simplex C-L-X “Commer 
duct WITH SEALED-IN CABLE. SIMPLEX WIRE & = 

CABLE CO., Cambridge, Massachusetts and Newington, ; 

New Hampshire. 


; 10a eaves 
the portable, corrugated metallic : 


Highest quality cables for: Mining + Power & Lighting +« Construction « Transportation « Communications - Signalling 
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PORTABLE ELECTRICAL CORDS & CABLES 


ay 


Bronco 66 Certified it is 
is the most flexible cord and cable on the 
the 


because 
market, Now 
insulation on the conductors 
slice 


resilience provided by the 
jacket the 


lubricates 
flexed, the 
before The 
67.3% in the 


vul uniz 


singk 


exclusive 
ation 
flexible 
factory portable cords and cables ever made 
of the new 
flexibility 


most easiest stripping, longest-lasting, 


Bronco 66 Certified so that you may feel 
for yourself 


NATIONALLY BY ELECTRICAL WHOLESALE 


ELECTRICAL ENGINEERING 


mention 


Synchro-Cured, has long been famed 
a new treatment 
When the 
against each other with less friction than ever 
great quantity of Neoprene of 
Bronco Synchro-Cure 
and lubricated singles all work together to give you the 
most completely satis- 
Write for a free sample 


and see 


DISTRIBUTORS 


(Continued from page 18A) 
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Airborne Transistorized Computer, Philco 
Corporation, Government and Industrial 
(G and 1), 4700 Wissahickon Ave., 
Philadelphia 44, Pa 
in the field of airborne 
G and 1 
high-speed transistor 
1100) 
the | 


Division 
first 
I hie 
first 


has set a new 
clectronics 
has delivered 


Division its 


automatic computer 
been ac 
Navy I he 


one ot ts 


which has 


States 


(CTRANSAC ( 
cepted by nited 
Navy is 
jet 
handle all 


countered in 


installing the 
The 


computational 
the 


unit in 


fighters computer is designed to 


problems en 


control of military air 


cratt while in flight 


Electron Irradiation, Acrojet General Nu 


cleonics, manutacturer of nuclear reactors, 


is having its polyethylene reactor cores 
electrons to 
\fter 

sent to Applied 
2404 No. Main St 
where they are in 


Appl a 


electron 


irradiated with & million volt 


rive them better heat resistance 


fabrication, the cores are 


Radiation Corporation 
Walnut Creek, Calif 


radiated by one of Radiation’s 


high energy linear accelerators 


Flotation Classification System. Separation 


of under and “ovet thickness parts 


fabricated from mica is being accom 


plished on a production-line basis through 
a novel air flow classification 
I he 


ind is in operauion at Ford Radio & 
40 OSrd St 


system 


flotation system was developed by, 
Mica 
Corporation, 936 sjrooklyn 20, 
N. \ 
tion 


1917 


vide 


a pirones ! 
the 


in precision mica tabrica 


for electronics industry since 


Exacting Classification of parts pro 


assurance of uniform performance 


c able 1S 


such msulating the ultimate 


The 


ellective in 


parts in 


application classification tem is 


mall 


mica 


process of 


particular rading 


pacers and bridges insulating 


walters used in electron tubes, 


whi h 


from 


Vacuum 


are tabricated in” thicknesses 


O.OLS 


this new 


0.006 to inch. Tolerances 


ithin 0.002 inch 


New 


is now 


B. A. We 
located at 9027 

Ohio, in 
some Il 


old 


Co, 


Cin 


sche Electric 
Shell Road 


suburb of 


Quarters. 


slue 


the 


cinnatt 42 the 


Ash 


company s 


air miles northeast ol 


downtown plant site 
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ASWVO literature 


ame simplifies choice of 
electromagnetic control 


New catalogs offer design engineers important reference tools 
MASTER CATALOG 57-5 


More than a catalog, this complete volume supplies comprehensive 
design engineering data on automatic transfer switches, remote control 
switches, contactors, relays, solenoids, and electric plant control 

















For the engineering specialist who is concerned with components 
of the ASCO electromagnetic control line, individual catalogs 
are available covering: 





57-S1 AUTOMATIC TRANSFER SWITCHES 57-S2 REMOTE CONTROL SWITCHES 57-$3 CONTACTORS 


... designed to transfer a load automatically . . . for convenient and accessible control .. » designed to allow unlimited combina- 
from a normal source to an emergency of power and lighting circuits from any tions, including multi-pole, special contact 
source upon failure’ or reduction in voltage number of control stations. For all classes arrangements and materials, and other 
of normal source. For all classes of load, of load, mechanically held, “engineered to fit” features. For all classes 
mechanically or magnetically held. of load, normally open and normally closed, 


magnetically held, 





57-$4 RELAYS 57-S5 SOLENOIDS 57-S6 ELECTRIC PLANT CONTROLS 

. -. Magnetically and mechanically held in ...AC€ and D-C, catalog listed or engineered ... Complete systems and components, par- 
unlimited pole combinations — plus a highly to your requirements. alleling, changeover, and alternating panels, 
diversified line of special purpose relays load-demand controls, battery chargers and 


listed as standard catalog items. adapter units. 


Additional technical literature. . . 

Also available is the ASCO engineering study, Any of these important reference tools may be had simply by writing 
“Factors to Consider in the Selection of Auto- Automatic Switch Company — on company letterhead only, please. 
matic Transfer Switches.” 

Catalog 201 on ASCO Solenoid Valves covers 

more than 1300 types —2-, 3-, and 4-way 


with standard, explosion-proof or watertight — _ — 
enclosures—in a wide range of body materials. Automat IC Switch Co. 
50-K Hanover Road, Florham Park, New Jersey 
FRentier 7.4600 
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CORONA 
TESTING EQUIPMENT 


... for non-destructive evalua- 
tion of electrical insulation in 
transformers, cables, capacitors 
and other electrical components. 








































































































Control cabinet and test 







transformer available as 





separate units on casters for 





mobility, for testing specimens 






with terminal capacitance up to 
0.15 MUF and impedance to 
ground of 20,000 OHMS or 
more, (Power output maximum 
of 20 KVA at 20 KV 60 CPS.) 


On special order this equipment 










can be supplied for maximum 






oviput power at 20 KVA at 







maximum test voltage 


80 KV 60 CPS. 
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MES EEA Che G! TESTING 
MEASURING INSTRUMENTS 


SCIENTIFIC 


mention ELECTRIC 


Safety, simplicity, and reliability have been 
engineered into all Biddle Corona Testing 


Kquipment 
the indication of corona as simple and 


eyident ius possible. 


: 
For sensitive test equipment these 


Cure has been taken to make 


self- 


sets 


are extremely rugged, and surprisingly easy 


to operate, even hy personnel nol specifically 


trained for making electrical measurements. 


without 


All this 


sacrificing sensitivity of 


corona detection and reproducibility of 


test results 


With the Biddle Corona Test Set 


none 


destructive evaluation of insulation by corona 


testing is now practical as a 


production 


control of quality of insulating structures. 


Whatever your requirements in this 


of testing explore the complete line of Biddle 
Corona Testing Equipment—for complete 


details write for Bulletin 66-IS, 


JAMES G. BIDDLE Co. 


| 
INSTRUMENTS 


PHILADELPHIA 7, PA 
EQUIPMENT 








{l, ENGINEERING 


1316 ARCH STREET 
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Industrial Notes 
a 

Chase & Sons, Inc. With main offices in 
North Mass and 
Quincy and Randolph, Mass., this com 
pany has recently acquired a controlling 
Gro-Cord Rubber 
Lima, Ohio. Gro-Cord Rubber Company 
of Canada, Ltd Villsonburg, Ontario, 
wholly owned by Gro-Cord Rubber Com 


Quincy, plants in 


interest im Company, 


pany will continue to operate as a subsid 
Alfred Hale Rubber 


Sons, Inc. manu 


iary as will the 


Company, Inc. Chase 


factures insulating tapes and other in 


sulating materials for the cable ind 


with distribution 


States 


industry 
t nited 


electrical 
throughout the Canada, 


und F urope 


Expansion. Water 
Snoqualmie 


Hydroelectric pouring 
through new equipment at 
Falls adds 20,000 kw of hydroelectric power 
to the Puget Sound Power Light Com 
pany, 860 Stuart Building, Seattle I, 
Wash. With the new tacilities, the plant's 
capacity is increased to 42,000 kw, nearly 


double its previous generation 


Sound Laboratory. Construction of a trans 
former sound laboratory has been begun 
Pennsyl 
McGraw 
Edison Company, Box 330, Canonsburg, 
Pa. Officially designated as a Thomas A 
Research Laboratory, the new 


provide 


at the Canonsburg plant of the 


vania Transtormer Division 


Edison 


building will complete facilities 
for research on means to reduce the noise 


created by electrical equipment 





facilities at 
CDC), 
being doubled be 


Expansion at Cooper. Plant 
Cooper Development Corporation 
Monrovia, Calil., are 
cause ol increased activities in the design 
and production of high-altitude research 


rocket devices meteorological rockets, 


infra-red special missile as 


semblies, and mercury-xenon illuminating 


equipment 


The three-way expansion pro 
Baldwin 


production of electrical 


equipment 
gram involves a new 
Park, Calif., for 
and electronic 

Calil., 


tions involving propellants and explosives 


plant in 
equipment; a facility at 
Fontana for spec ial ron ket opera 
and a new addition at the main plant for 


metalworking and assembly operations 


Aquatic Reinforced Plastic Signs. For sev 


eral years, lampreys, eel like fish, have 


heen killing edible fish and seriously 


threatening the livelihood of many per 
sons in the Great Lakes fishing area. The 
{ S. Fish and Wildlife Service, 


Plastics, Incorporated, Erie, 


with the 
aid of Perry 
Pa., is resolving the problem with the use 
of Laminac (registered trademark) poly 
ester resin, a product ot American Cyana 
mid Company, 30 Rocketeller Plaza, New 
York 20, N. ¥. To combat 


charged 


the lamprey 


threat, electrically barrier lines 
have been stretched across the area where 
the lampreys return from spawning. The 
signs must be strategically placed to 
warn passers-by of the electrically charged 
water, and are posted on land as well as 


in the water 


WA) 
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Stable 
Under 
Heat... 


( tt ) 
Seale 


", s 
‘erm 














a 
the T Hurium Sheath temperatures during wiping operations are in 
the range of 400°F, emphasizing the importance of 
heat stability. And you'll find that Roebling Tellurium 


Lead Alloy Cable Sheath retains its excellent creep re- 
Pa OY Pa sistance and bending fatigue resistance even after being 


subjected to this high temperature. 


” ne 
This is just one of the extra-life qualities built into 
On 0e Ing aper Roebling Paper Power Cable with Tellurium Lead 


Alloy Sheath. Learn more about this exceptionally 


serviceable cable that offers so many savings. Write 
Power Cable today for free, new, illustrated booklet that tells the 
whole story! Electrical Wire Division, John A. 
Roebling’s Sons Corporation, Trenton 2, New Jersey. 


Branch Offices in Principal Cities 
Subsidiary of The Colorado Fuel and iron Corporation 
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WILEY books 


AN INTRODUCTION TO JUNCTION TRANSISTOR 
THEORY 


By RK. D. MIDDLEBROOK, California Institute of Technology 


A clear and logical presentation of the basic development of 
transistor from fundamental physical principles 
Much of the material has 
Makes an indispensable 


electronics 
to practical circuit representations 
never appeared in book form 

reference for on-the-job problems 


1057 206 pages. 144 Illus, $4.50. 


2. TRANSISTOR CIRCUIT ENGINEERING 


Edited by RICHARD PF, 


eral Electric Company. 


SHEA. Eight co-authors, all of the Gen- 
Up-to-date information on transistors with emphasis on the 
practical engineering aspects. Shows you how to do actual 
circuit designs develop usable circuits—how to build 
ful audio amplifiers, radio frequency amplifiers, etc., 
available tu and how to combine these ele 
int TV sets, and high fidelity 


and 
succes 
using ansistor 


ment radio receiver audio 


systems 


Illus. 


AN INTRODUCTION TO SEMICONDUCTORS 
By W. CRAWFORD DUNLAP, JR., 


A thoroughly 
all the 
search to devices 


1957 4646 pages $12.00, 


General Electric Co, 


that sur- 
from re 


informative work 
aspects of semiconductors, 


practical and 


vey important 


1957. 417 pages. 268 IMus, $11.75 


DIGITAL COMPUTER PROGRAMMING 
By D. D. MeCRACKEN, 


A lucid, down-to-earth presentation of the 
involved in actually working with automatic 
puters, plus picture of the basic 
underlying fast-growing field 


1057 Illus. %7.75. 


General Electric Co, 


practical aspects 
digital com 
a clear-cut fundamentals 


this 


255 pages 


PROGRESS IN SEMICONDUCTORS, Volume |! 


Edited by ALAN F. GIBSON, Radar Research Establish 
Malvern U.K.; P. AIGRAIN, Université de Paris; and 
BURGESS, University of British Columbia 


ment, 


R. I 


ry 


Latest information on semiconductors by 6 


field 
19056 


SEMICONDUCTOR ABSTRACTS, Volume Ili— 
1955 Issue 


specialists in the 


220 pages. lus. $8.00, 


Edited by E. Paskell, Battelle Memorial Institute 
Electrochemical Society. 


by The 
1057. 322 pages. $10.00. 


SCIENTIFIC FRENCH 
By WILLIAM N, LOCKE, 


112 pages $2.25 


Sponsored 


M.LT. 
1957. 
SCIENTIFIC GERMAN 


By GEORGE Ft 
1057 


CONDOYANNIS, St 
$2.50 


Peter's College 
163 pages 


Send tor ON-APPROVAL copies. Mail this coupon today, 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave., New York 16, N.Y. 


Please 
to read and 
days | will return the 
will remit the 


a copy of the book(s) circled below 
ON APPROVAL. Within 10 
book(s) and owe nothing, or I 
full purchase price, plus postage 


send me 
cxamine 


! 2 3 4 5 6 7 8 
Name 
Address 
City 
|} SAVI 


ment, 
ile we 


POSTAGE! Check 


in which case we 


ENCLOSE 
Same 


here if 
pay 


you 
postage 


pay 2 
return priv- 


of course 
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u he n 


writing 


now! a low cost 
gasoline/oil resistant 
insulated wire... 

the NEW Nylon-jacketed 


CONTINENTAL 
PETROL WIRE 


APPROVED BY UNDERWRITERS’ LABORATORIES, INC. 


Looking for a low-cost gasoline and oil resistant 
insulated wire? An insulated wire approved for 
use in wiring gasoline pumps and in refineries BUT at 
lower cost than lead jacketed rubber insulation? Then 
you've been looking for this NEW Continental PETROL wire. 


Nylon-jacket over thermoplastic insulation, 
PETROL wire is not affected by most oils, acids and alkalis. 
It is approved by Underwriters’ Laboratories 
for 30°C in gasoline . . . 60°C in oil or air. 


Available in sizes from 14 10 6 AWG... ina 
rainbow-range of colors. For more information on 
the new Continental PETROL wire, outline your requirements 
in a letter and mail to us immediately. 
A Continental field engineer will be glad to help 
with any insulated wire problem in your area. 


FREE 72-page catalog of the complete line of 
Continental Insulated Wire and Cable available 
on request. Send for your copy today. 


( ontinental 


WIRE CORPORATION 





WALLINGFORD, CONNECTICUT 
YORK, PENNSYLVANIA 
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Standardized construction of BullDog Unit Substations 
allows for easy expansion. Units are interchangeable. Changes 
and additions can be made quickly and economically. The sub- 
stations are of the secondary type .. . rated up to 600 volts 

. and are available with all types of transformer equipment. 


e 


BuliDog field engineers offer specialized help in prepar 
ing a system tailored to your present and future power needs 
They have the knowledge and experience to co-ordinate 
top-quality, creatively engineered BullDog products into an 
integrated, efficient electrical system that stays modern 


Plan your power for production results! 


New BullDog secondary Unit Substations answer vital needs in 
the operation of modern industrial plants. They bring the over- 
all economies of high-voltage distribution—plus providing ade- 
quate facilities for future expansion. And by bringing higher 
voltages closer to consuming equipment, Unit Substations boost 
machine efficiency to maximum productivity. Valuable floor 
space is saved, too, through an integrated unit which houses 
transformer, switchgear and other components. 


Let the BullDog field engineer give you all the facts—show you 
how Unit Substations are the starting point of a planned power 
system by BullDog, which adds materially to plant safety, 
economy, and production efficiency ! ® BEFCO 
BuliDog Electric Products Company, Detroit 32, Michigan + A Division of I-T-E Circuit 


Breaker Company «+ Export Division: 13 East 40th St., New York 16, N.Y. In Canada: 
BullDog Electric Products Co. (Canada), Limited, 80 Clayson Rd., Toronto 15, Ont. 





iP IT'S NEW... 1 IT'S DIFFERENT iW IT'S BETTER. 


BU LLDOG 


ELECTRIC PRODUCTS COMPANY 


A DIVISION OF I-T-E CIRCUIT BREAKER COMPANY 


a ee 


PRIMARY UNIT SUBSTATIONS 


CUSTOM BUILT FOR YOU 
—AT NO EXTRA COST 


Here at I-T-E, complete primary unit substations are 
custom designed and engineered to meet your particular 
requirements. I-T-E engineers skillfully knit together 
quality I-T-E substation components in a way to give 
you the advantages of versatility, reliability, safety 


and convenience. 


Particular emphasis is placed on ease of installation to 
neet all your requirements for growth and relocation, 
with full regard to an appearance that fits well into 


your surroundings. 


Typical I-T-E quality manufacturing standards further 
insure that your substation will give you the maximum 
reliability and performance at the lowest cost. Delivery 
can be made in accordance with your own construction 
schedule. You can save time, trouble and money in 
completing the final job. 


I-T-E primary unit substations are available for any 
application and in any standard rating. For details, call 
the I-T-E sales office near you. Or write I-T-E Circuit 
Breaker Co., 19th & Hamilton Sts., Philadelphia 30, Pa, 


Engineered to insure the best value 


Horizontal drawout air circult breakers. Even heavy 13.8-kv 
circuit breakers roll out easily on permanently attached wheels 
Safety shutters automatically close over bus openings when 
breaker is moved to test position or from enclosure. 


Positive arc interruption. Double coil, closed iron magnetic 
circuit produces intense magnetic effect, drives arc rapidly and 
uniformly between plates in arc chute, where it is extinguished, 
giving faster interruption, longer arc chute life. 


I-T-E CIRCUIT BREAKER COMPANY ° Switchgear Division 

















most reliable performance 


Fully isolated main bus with flame-retardant insulation. Simplified maintenance. Pivoting 
Bus is held in alignment against short circuit stress by porcelain bus arc chutes simplify routine inspection 
supports. Flame-retardant insulation covers entire bus, including and upkeep. Auxiliary devices are 


porcelain primary disconnect housings Ositioned to permit easy access. 
’ 


IN CANADA: EASTERN POWER DEVICES LTD. 





profile of a 


the Lenkurt 


Special, because with Lenkurt 
leading specialist in tele 
communications — he has found the 
challenges and inspirations, the 
responsibilities and recognition that 


add up to a truly satisfying career 


Special, because he is planning 
and building the communications 


systems of tomorrow 


Special, because at San Carlos, on the 
sunny San Francisco peninsula, he 
has found the ultimate in what is known 


the world over as ‘'California living 


A few very special guys whose field of 
interest is communications will find these 


opportunities at Lenkurt most attractive: 


Project Engineers — High level positions 
requiring at least 3 years professional history 
in communications equipment design, 
component development, or systems 


planning. Graduate study desirable 


Electronics Engineers — Knowledge of circuit design 
including amplifiers, oscillators, modulators, 

and regulators, utilizing tubes and transistors 

Good background in test procedures 

and test equipment; BSEE with communications 


option desirable. 


Assistant Electronics Engineers — Graduate 
engineers who have an interest in circuit 


analysis and experimentation and want to 


Lo : ELECTRIC 


San Carlos 3, California 


gain experience as members of an 
engineering team working on 


advanced development projects. 


Please send your resumé to Dan Foster, Engineering Placement Manager 
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NEW PRODUCTS 


Motor Operated Globe Valve. New and 
unique in principle, the patented “New 
England motorized valve incorporates 
ilmost all of the desirable features of 
automatic ilve operation in one simpli 
fied, powerful, inexpensive unit Avail 
able in 10. sizes, three voltages, and 
three timing cycles, this unit is easily 
idaptable to a great number of applica 
tions Despite its lo cost, this unit fea 
tures automatic disc compensation, ex- 
tremely tight shut-off, 150 pounds pressure 
capacities on most si7es no mounting 
restrictions permanent lubrication, quiet 
positive operation without linkage, ma 
chine-cut hardened steel gears, only eight 
moving parts, and compact size For fur 
ther information, contact New England 
Gear Works, South End Rd., Southington, 


Conn 


Radar for Private Use. Radar-Fye is a 
motion-detection instrument that provides 
space protection, This device is the most 
modern method of protecting industrial 
and commercial business against vandal 
ism, burglary, or intrusion, Radar is 
employed to detect any movement within 
an operating radius of 25 feet in any 
direction from the instrument's antenna 
Invisible radar waves, sensitive to any 
movement, instantly turn on floodlights 
ind then set off a screaming siren, In 
truders cannot crawl over it, slide under 
it, cut through it, or in any way tamper 
with either the unit or wiring system 
ithout setting off the alarm. Manutac 
tured by Radar-Eye Corporation, North 
St., Natick, Mass., the installation is sold 
throug! franchized§ distributors nation- 


wick 


Aluminum Foil Wire Markers. A line of 
aluminum foil wire markers has been 
added to the group of selfsticking prod 
ucts marketed under the trade name 
Speedy Marx Aluminum markers are 
furnished on quick-release dispensing 
cards which have been precut tor easy 
handling, and can be applied instantly 
without tools. For additional information, 
write, phone, or wire North Shore Name 
plate, Inc., 214-2 Northern Blvd., Bayside 
61, N. ¥ 


Dust Collector. Industry has been offered 
a new tool for dust collecting chores, It 
is a dust collector one-tenth to one 
twentieth the size of comparable equip 
ment. Called the Joy Microdyne dust 
collector, the unit is a wet, inertial type 
which has an efhciency greater than any 
comparable wet type collector according 
to the company. Test figures show that 


r 
r 


the Microdyne has an efficiency of 994 
in collecting dust particles of five microns 
or greatei i micron is equal to one 
twenty-five-thousandth inch For further 
information contact Joy Manutacturing 

) 


Company, Oliver Building, Pittsburgh 22 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 


Continuing Progress at Al 
Advances Nuclear Technology 
For Many Tasks, in Many Lands 


Highlighting progress in the many and 

diversified reactor programs at Atomics 

International are significant develop- 

ments in the two major power reactor 

approaches underway by AI for the 

Atomic Energy Commission—the So- 

dium Reactor Experiment and the Or- —_o , ' 

ganic Moderated Reactor Experiment. Critical Moment: On April 25, the Destination — Denmark: Nuclear 
April 25 SRE achieved sustained nuclear fission reactor components from AI are hoist- 


Forecasts Confirmed. On ; 
Electricity was generated on July 12. ed aboard a freighter for Copenhagen. 


the 33rd fuel element was introduced 
into the SRE, and sustained nuclear 
fission was achieved. The critical load 
ing confirmed earlier calculations. On 
July 12 heat from the SRE reactor was 
used by the Southern California Edison 
Company to generate electricity. This 





power was fed over utility lines to 
Edison consumers. Data obtained from 
the SRE will be used in the design of a 
75,000 kw Sodium Reactor powe! 
plant proposed for the Consumers 
Public Power District of Nebraska. 


Power Ashore, Propulsion Afloat. For Land and Sea: A versatile nuclear reactor concept—the OMRE. 
Similar studies are starting on the 
OMRE, recently constructed at the 
AEC’s National Reactor Testing Sta- 
tion in Idaho Falls. This program will 
assist in the design of two 12,500 kw 
power stations, one in Piqua, Ohio, and 
another in a Latin American country 
At the same time, the Organic Moder 
ated Reactor is under study as a most 
promising nuclear propulsion system 
for the special needs of supertankers 


Reactors for the World. The Armour 


Research Reactor, first private indus- - . , 
esearch Reactor, first private indus Nuclear Research in Japan: Home New Laboratory Reactor: Fight-foot- 


trial nuclear facility, is now being fol- of Far East’s first reactor will be Japan's high tank contains fully functional 
lowed by a stream of similar research Atomic Energy Research Institute, core, coolant and moderator. 
reactors—for Japan, Denmark, West 

Germany, West Berlin and Italy —con 

structed, shipped, and installed by 

Atomics International. Al's latest de- 

velopment is the compact Laboratory 

Reactor, available on a short delivery 

schedule at very low cost to meet the 

need for nuclear training and research 

in universities and industrial labora- 

tories. 

ATOMICS INTERNATIONAL is a leading 

designer and builder of reactors for 

America and for the world. For help 

on your reactor plans, write: Director 

of Technical Sales, Department EE-74, 

ATOMICS INTERNATIONAL, P. O. Box 

309, Canoga Park, California. Cable Reactor Hardware for Germany: Components for two German reactors in work 
Address: ATOMICS. at ATOMICS INTERNATIONAI 


ATOMICS INTERNATIONAL 


A DIVISION O NORTH AMERICAN AVIATION 


PIONEERS IN THE CREATIVE USE OF THI ATOM 
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DESIGN AND 


PERFORMANCE 


GENERAL ELECTRIC 
LIMITAMP* STARTERS OFFER 


ROLL-OUT CONTACTOR UNITS 
FOR EASIER INSTALLATION 


Today’s General Electric Limitamp starters are 
designed to bring you the utmost in installation 
ease, speed, and economy. 

Key feature of this cost-cutting design is the 
caster-mounted contactor unit which can be easily 
rolled into or out of the Limitamp enclosure. After 
swinging out the hinge-mounted low-voltage panel, 
and before rolling in the contactor unit, the instal 
lation man can walk right inside the enclosure to 
make connections quickly and conveniently. 

Once connections are completed, the panel can be 
closed and ready to operate within minutes. Limit- 
amp panels control and protect motors rated 2300 
to 4800 volts and ranging up to 3000 horsepower. 


MORE LIMITAMP CONTROL FEATURES 


Fast, economical installation is but one benefit 
of General Electric Limitamp control. There are 
many more. For instance: 


*Reg. Trade-mark of General Electric Company 


e Extra five-square-foot space savings on large 
motor applications by using higher capacity fuses 
to eliminate need for extra fuse cabinet. 

e Increased personnel safety provided by three 
phase disconnect switch. 

e Flexible arrangement of units and added space 
savings, with all connections made from front. 
e Complete range of modifications to meet any 
installation requirement. 


REALIZE THESE BENEFITS NOW 


Don’t be satisfied with ‘‘old-fashioned’’ high- 
voltage motor control: Specify General Electric’s 
Limitamp control leader in design and perfor- 
mance. Contact your G-E Apparatus Sales Office 
today, or write Section 783-2, General Electric 
Company, Schenectady, New York. 

Industry Control Department, Roanoke, Virginia. 


Progress /s Our Most /mportant Produet 


GENERAL 


MAINTENANCE EASY on contactor; 


generally devices are front-removed. 


ELECTRIC 


THERE'S AMPLE SPACE to stand inside enclosure and make necessary connec- 
tions. Yet entire control requires 50% less floor space than before. 








CLARK Type ‘CY’ Starters, sizes 0 and 1, 
now have higher NEMA horsepower ratings 


As shown in the table below, NEMA maxi- 
mum horsepower ratings for size 0 and 1 
AC magnetic across-the-line starters have 
been increased. Clark Type “CY” starters 
now available to meet these new standards 
will, in many cases, permit you to meet your 
requirements with smaller sizes. You can at 
once take advantage of the money and space 
savings made possible by this re-rating. 

















CHANGES IN NEMA STANDARDS FOR 
MAXIMUM HORSEPOWER RATINGS OF AC 
MAGNETIC: STARTERS AND CONTACTORS 
etn co A MAXIMUM HP RATINGS 
THREE PHASE OLD NEW 
SizeO 110V I’ Wa 
SizeO 208/220V 2 3 
SizeQ 440/600V 3 5 
IN ADDITION TO COST AND SPACE SAVING | °° “” a 
BENEFITS OF THE NEW NEMA RATINGS, Size 1 208/220V 5 7" 
ae Size 1 440/600V 7% | 10 
CLARK Type “CY” STARTERS OFFER 
MANY OTHER ADVANTAGES: ning ease ae 
Greater Dependability and longer life SizeO0 208/220V 1% 2 
@ Heavy-duty mill-type construction. Size 0 440/600V 3 
@ Large silver-to-silver twin-break contacts, : 
@ Vertical lift, free-floating magnet uses no springs; pull char- Size1 110V % 7 
acteristic assures positive contact closing and keeps magnet Size 1 208/220V 3 3 
slam to a minimum. Size 1 440/600V 5 5 
Easier Maintenance 
@ Contacts and contact springs quickly and easily inspected— NOTE: HP ratings for plugging and jogging duty 
without tools. have not been revised. , 
@ All parts readily accessible and replaceable from front with- 
out removal from panel or enclosure—screwdriver and wrench 
only tools needed. 
@ Magnet coils easily replaced. These increased horsepower ratings for AC 


Simplified Installation 
@ Generous wiring space. 
@ All terminals face the front. 
@ Pressure-type terminals line and load, 


al 
he CLARK ( 


Everything Under Control 


»«»-and many others 


IN CANADA: CANADIAN CONTROLLERS, LIMITED 
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writing to 


controls will be adopted for all forms of 


Clark across-the-line starting equipment. 


Revised Clark Catalog sheets and price lists cover- 
ing the new NEMA ratings are available on request. 
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1146 East 152nd Street Cleveland 10, Ohio 
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GENERAL CABLE 


PAPER INSULATED 


VERSATILE - RELIABLE 


POWER CABLES 


Manufactured at BAVONNE, N. J. © ST. LOUIS, MO. ¢ EMERYVILLE, CALIF. 


This machine forms steel strip into helical impregnating Tank utilized in the heat-vacuum drying and oil Large Cabling Machine used in cabling 
coil ducts or channels for use in gas filled or impregnation steps in the manufacture of Paper Power Cable individually insulated conductors into 
oil filled cable. multiple conductor assemblies 


The excellent operating record over many years and the superior 
electrical characteristics of paper insulated cable highly recommends 
its use for all power applications. Paper Power Cable is a 
@ SOLID TYPE predominant type in preference and use for voltages above 5 KV. 
@ LOW PRESSURE GAS FILLED General Cable Corporation is equipped with the finest modern 
facilities for paper taping and with many years of 
@ LOW PRESSURE OIL FILLED know-how is in a position to supply a high quality product for 
all low and high voltage applications. 
© PIPE TYPE 7" i Rea 
d , GENERAL CABLE CORPORATION 
High Pressure Gas Filled 420 Lexington Avenue, New York 17, N. Y. 
High Pressure Oil Filled Offices and Distributing Centers Coast-to-Coast 


SN 


—= 


for quality and economy... specity GENERAL CABLE 
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(Continued from page 30A) 
New Products 


Automatic Control of Test Limits. A com 
pact, precision-made device, called the 
Programmer Counter, that is used to turn 
on and off test appartus whose limits are 
sensed by strain gauges, thermocouples, 
or any other transducers that have a 
maximum output not exceeding 100 
millivolts d-c has been developed by 
Spar Engineering & Development, Inc., 
W yncote Pa Ihe unit eliminates the 
need for manual control of test cycling 
and simplifies the setting up of equip 
ment each time a test is to be made. The 
Programmer Counter is said to be a 
stable, precision, millivolt’ electronic re 
lay having adjustable energizing and 
release thresholds and dpdt 15-amp con 
tacts. Additional details may be obtained 
from the company on inquiry. 


Miniature Cable Connectors, A subminia 
ture series of r-f coaxial cable connectors 
has been put on the market, The series 
is designated DM and includes 12 differ 
ent groups ot jacks receptacles and 
adapters. These DM connectors are only 
half the size of BNCs, yet can withstand 
a cable pull of better than 50 pounds 
They meet M/IL-C-5015 specifications and 
provide vibration proof coupling. Com 
plete details and specifications for sub 
miniature DM connectors are contained 
in Catalog 20/-B. Write Dage Electric 
Company, Inc., 67 No. Second St., Beech 
Grove, Ind 


Ceramic for Hermetic Seals. A ceramic 
material for hermetic seal applications at 
high temperatures is now available 
Known as Ceramicite, the compound 
bonds physically to most stainless steels 
The thermal expansion of Ceramicite is 
similar to these metals. Seals embodying 
Ceramicite have the exceptional ability 
to Withstand severe physical and thermal 
shocks without leaks or cracking. Furthe 
information regarding Ceramicite seals 
appears in Bulletin /587, available trom 
Consolidated Electrodynamics Corpora 
tion, 300 No. Sierra Madre Villa, Pasa 
dena, Calif 


Miniaturized External Anode Tube. Value 
conscious engineers engaged in the design 


of military and civilian electronic equip 


ment will find this miniaturized and 
ruggedized thermionic power diode a 
useful component for modern airborne 
instrumentation, especially missile guid 
ance equipment Designed tor air on 


liquid immersed operation, the 575 will 
provide long reliable service under the 
most severe environmental conditions 
Weighing less than 0.7 ounces, the tube 
is 2 inches long, 7/8-inch wide, and has 
a shock rating of 300 g. Detailed recti 
fier and clipper diode data available on 
request. United Electronics Company, 42 
Spring St Newark, N. J. Write for 
pamphlet CDS-1 


(Continued on page 40A) 
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Each operation of this machine forcefully applies the right 
quantity of Kearnalex within the jaws of the Squeezon. 


it’s automatically applied inside the 


_ Squeezons...at the KEARNEY Plants 


Now there’s no need to take up time on the job applying inhibitor to each connection. 
It’s already therein the proper place in the proper quantity because KEARNEY 
puts it inside the jaws of these Squeezons at the plant under ideal conditions.. . 
then packages each Squeezon in a heat-sealed plastic bag. 


When the lineman installs the Squeezon on conductors, application of the Kearnalex 
to all necessary surfaces is automatic and complete. Convenient .. . time-saving... 
plus protection from corrosion and oxidation. Order your stock today! 


JAMES R. KEARNEY CORPORATION, General Offices: 4224-42 Clayton Ave., St. Louis 10, Mo. 


KEARNEY 


SQUEEZONS 

















Crews for U.S. Air Force Giant 


BOEING B52 set Bomber 


pre-fly GLOBAL MISSIONS 
in the electronic SIMULATOR 


Before crews of the USAF’s biggest and fastest 
bomber take to the air, they have mastery of their 
aircraft. Hours of flying in the Boeing B-52 Simu- 
lator built by Curtiss-Wright have coordinated 
each man to his job . . . and the crew to its team 
function . . . down to the exact reading of every 
instrument of the plane in flight. 


Similarly, integrating the coming jet transports 
into today’s complex traffic patterns calls for ex- 
perience that can no longer be gained in the air 
alone. Crews must be acquainted with new flight 
and communications procedures, holding tech- 
niques . . . with new navigation aids and airborne 
equipment. This calls for precision flight simula- 
tion — on the ground. Already, such major airline 
operators as Pan American World Airways have 
planned DC-8 and Boeing 707 familiarization 
programs built around Jet Simulators designed by 
Curtiss-Wright. The airlines and the military alike 
have selected Curtiss-Wright on the basis of its 
proven experience with every type of Simulator. 

Simulators by Curtiss-Wright realistically re- 
produce every aspect of aircraft operation, with 
the highest precision and fidelity in the industry. 
They add to the safety of flight, save millions of 
dollars and thousands of man-hours yearly for 
both commercial and military operators. 


CURTISS-WRIGHT 


CORPORATION * CARLSTADT, N. J. 


YOUNG MEN! JOIN THE U.S. AIR FORCE 


Investigate Career Opportunities at Your Nearest Recruiting Office 


CURTI SS-WRIGHT DEHME training equipment licensed under basic 

patents of R. C. DEHMEL AND CURTISS- 
WRIGHT. Canadian Licensee: Canadian Aviation Electronics Ltd., Montreal — British Licensee: 
Redifon Ltd., London—French Licensee: Société d’Electronique et d’Automatisme, Paris 
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Surviving Impact is an 
Eimac Ceramic Tube Extra 


Aeronautical electronics demands extras from vacuum tubes. 
Among them is the ability to withstand heavy impact without 
impairing electrical characteristics. The photograph dramati- 
cally shows what happens to a 250 watt glass envelope tube 
and an Eimac 300 watt ceramic tube when both are dropped 
from a height of seven feet. The ceramic tube ‘took it." 


Other advantages of Eimac ceramic tubes are: resistance to 
damage by vibration and temperature; smaller size without 
sacrificing power; ability to undergo optimum processing 
techniques that lead to tube reliability and longevity. 


The small Eimac ceramic 4CX300A, shown above, will with- 
stand 50G shocks of 11 millisecond duration. It will operate 


in airborne or ground station service at full ratings up to 


500mc. 


In its new line of ceramic tubes, Eimac has the answer for the 
aeronautical engineer who needs a tube that will deliver full 
output under extreme environment. 


For further information, consult our 
Application Engineering Department. 


EITEL-McCULLOUGH, INC. 


S AWN BRU N O CS 2 & FP 2 we FH Fe 


Etmac Finest with Ceramic Tubes that can take it 


4CX300A MAXIMUM RATINGS TO SOOMC 

FM AM SSB 

D-C Plate Voltage . . 2000 1500 2000 
D-C Screen Voltage 300 300 400 
D-C Grid Voltage .—250 —250 — 
D-C Plate Amperes . 250 200 250 


Plate Dissipation, watts . 
Screen Dissipation, watts 
Grid Dissipation, watts 











FOUR dis- 

tinct divisions 

in one steel com- 

pany, inter-related, 
specialists in their own field 

of endeavor and singly man- \ 
aged. 


Some clients take advantage 
of all four, others one 
or more. 


STRUCTURAL & REINFORCING DIVISION 
Fabricated structural and reinforcing steel for buildings, 


bridges and industrial structures 


TOWER & SUBSTATION DIVISION — Substation structures and 
transmission towers for the electrical and communications industry 
P| ed competitively everywhere) 

PLATE DIVISION — Fabricated plate products for the oil, chemt- 


cal and processing industries 


STEEL WAREHOUSE DIVISION _ Distributors of carbon steel 


( tf tio! products 
and ruction prod 


for over 40 years 


FLINT STEEL CORPORATION 
TULSA... MEMPHIS 


il 
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Aluminum Feed-In Duct. A line of totally 
enclosed aluminum feed-in duct, Under 





writers’ Laboratories approved, that does 
not require derating has been introduced 
by the Square D Company. This totally 
enclosed feature is accomplished by sepa 
rating and enclosing the aluminum bus 
bars in solid sheets of insulating material. 


This not only reduces the cross action 





but also results in an extremely low volt 





age drop and a high short-circuit strength 





that equals or exceeds National Electrical 
Manutacturers \ssociation (NEMA) 


standards on all ratings. The duct is 







available in all standard ratings from 
600 to 4,000 amperes; two, three, and four 







pole. For further information, write to 
Square D Company, 6060 Rivard St, 
Il, Mich 










Detroit 













X-+ay Fluorographic Recording Camera, 
This 70mm camera made especially for 








X-ray and fluorographic recording is an- 





nounced by Photographic Products Inc., 






manutlacturers of electric recording cam 






eras and precision timing instruments 





Called the seattie Fluorotron Camera 






Model-h, it features automatic, electrical 





operation throughout, and is compact 






lightweight, and streamlined in appear 





ance, It operates on 115 volts a-c, 50-60 







cycles. For more complete information 






and prices of the Beattie Fluorotron 






Camera Model-R, write direct to the 






manufactures Photographic Products 
Inc., 1000 No. Olive St.. Anaheim, Calif, 







Low-Priced Gauge Blocks. The introduc 





tion of low-priced gauge blocks adds 





new meaning to gauge makers’ tolerances. 





Any gauge must be 10 times as accurate 






as the tolerance of the part being mea 





sured An efhcient way consistently te 






hold tolerances is to utilize gauge blocks 





directly as working gauges and, thereby, 






eliminating error-producing extra opera 





tions. The Shop-Blocks, produced by The 









DoAll Company, now make this feasible 


for all shops. These low-priced gauge 






blocks may be combined with the Micro 






Step holders in order to form tunctional 





working gauges. For further information 
write The DoAll Company, 254 North 
Laurel Ave Des Plaines, Hl 







Cable in Tape Form. The introduction by 
Lape Cable Corporation, 790 Linden Ave., 
Rochester 10, New York, of a flat, multi 
conductor ribbon-like electrical cable, 








known as Dape Cable registered trade 


mark) has opened up new concepts in the 





held of electrical design. The cable is a 
flexible filin in which are imbedded flat 
copper conductors only 0.0015 inch thick. 
The conductors are parallel, accurately 
positioned, and are surrounded by care 


fully controlled transparent polyester in 





sulation. This results in a cable having 





minimum cross sectional area, minimum 





interconductor capacitance high tear 
strength, high flex life, and high resistance 
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A COMPLETELY NEW 
| Distribution Lightning 


Arrester - Unlike Anything 
In Its Field---Is Described 
on the Next Page 

em, | 











A New Approach to & 


Distribution Arresters 











Operating parts of a new Thorex Dyna- 
gap distribution arrester. This model is 
equipped with an external series air gap. 
Another similar model uses an internal 
series gap and an automatic ground lead 
isolator. 








Dynagap element of Thorex distribution light- 


Ps ning arrester. This identical assembly is used i 
Thorex Dynagap First to Use all grades of new , teen qeveniens, tieladine 


heavy-duty station types for 230 kv and higher 


Rugged Station Type Essential ab gts ye “ete nly | age 
Parts for Distribution Service 


Invention of the extremely small and efficient Dynagap for 

Thorex high-voltage lightning arresters has opened the way to 
further development -- an entirely new distribution arrester with 
unheard-of features. 

Never before have identical vital parts been interchangeable be- 
tween maximum-duty station type and distribution type arrest- 
ers. The compact new Thorex Dynagap has made this possible. It 
brings to the distribution field both principles and performance 
of an entirely new order. 

Because of its inherently rugged station type elements, this ar- 
rester is exceptionally effective in dealing with the heavy light- 
ning discharges typical of un-shielded distribution circuits. This 
is coupled with complete freedom from the influence of fault 
current magnitude at the arrester location. Its 60-cycle follow 
current interrupting ability is not limited by either maximum or 
minimum system fault currents, thus giving it a universal field 
of application. It may be used interchangeably at high power 
locations or those of low power and high lightning incidence. 

Influence of station type design goes beyond the use of the 
same essential series gap parts. Performance of any arrester, re- 
gardless of type, is highly dependent upon the permanent exclu- 
sion of moisture. Sealing practices common to the heavier-duty 
Thorex arrester models are used in the new distribution series. 
Maximum gasket efficiency is assured by the same system of 
spring-pressure-follow sealing used with such excellent results in 
larger Thorex models. 

As will be explained briefly on the next page, the radically al- 
tered ratio of power-follow current limitation between the series 
gap element and valve blocks, by action of the new Dynagap, 
opens-up a fruitful field of technical improvement. Many impor- 
tant functions can now be “tailored” to the special requirements 
of distribution service. This is one of the greatest advancements 
ever made in arrester development. 

You will hear and read a lot more about this striking develop- 
ment in coming months. For still better knowledge, however, 
gained on your own terms, install a few sets right away. Pick 
spots where arresters never could -- or never have -- worked be- 
fore. Then you will know, firsthand, the real importance of the 


: 


new Dynagap. 
OHIO BRASS COMPANY e MANSFIELD, OHIO 
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Dynagap Applies Advanced Principles 
fo Lightning Arrester Operation 


Ingenious Gap Performs Major Portion of Valve 
Action—Permits Radical Valve Block Improvements 


After lightning action of a valve 
type arrester, 60-cycle follow 
current continues to flow. This 
is extinguished by the combined 
current-limiting function of the 
series gaps and valve blocks. Un- 
til recently, the blocks supplied 
98 to 99 per cent of the necessary 
resistance. 

Magnetic arc blow-out, pio- 


neered in 1953 by the Thorex 





Opening the Dynagap structure re- 
veals a series of thin Mycalex plates, 
mechanically interlocked for stabil- 
ity, compactness, and arc restriction. 
Each plate contains one gap electrode 
on either side, riveted through for se- 
ries connection. By a system of pre- 
cise indexing, these electrodes are 
positioned for proper gap spacing 
when the stack is assembled. The 
structure shown is for an arrester op- 
erating at 13.8 kv. It has 13 plates and 
12 sets of gaps, and is capable of 
stretching the arc 33 linear inches. It 
is this great stretching action that 
builds-up high arc resistance and con- 
tributes an important share to power- 
follow current limitation; simultane- 
ously relieving the valve blocks of 
this portion of duty. 





high voltage arrester, added a 
degree of “valve action” to the 
gap performance. By stretching 
and cooling the arc, high arc re- 
sistance was built up in the gap. 
This permitted the gap to assume 
about 10 per cent of the total re- 
sistance in the arrester circuit. 

When valve blocks supplied 98 
to 99 per cent of the required re- 
sistance, this predominant duty 
ruled their composition. It forced 
compromises with other recog- 
nized modern necessities -- pri- 
marily, high durability under se- 
vere long duration surge current 
discharges of natural or system 
origin. Improvements introduced 
by Thorex arresters in 1953 ma- 
terially relieved these restric- 
tions on valve block composition 
and resulted in strikingly better 
performance. 

Observing these facts, O-B de- 
velopment engineers were fasci- 
nated with the possibilities of a 
more radical alteration of the 
gap-to-block resistance ratio. 
After three years of intensive re- 
search, the Dynagap has evolved. 
Originally it was designed to 
meet the pressing demands of 
heavy duty, high voltage station 
service, but its drastically re- 
duced dimensions adapted it to 
distribution application where it 
retains many of its basic station 
type characteristics, and imparts 
unheard-of performance to dis- 
tribution grades. 

Applied to new Thorex distri- 
bution arresters, the Dynagap 
supplies 30 to 40 per cent of 
power follow limiting resistance. 
As a result, many restrictions 
have been removed from valve 
block development, and new 


blocks can be “tailored” to the 
specific requirements of distribu- 
tion service -- an advantage never 
before possible. The result is an 
entirely new conception of dis- 
tribution arrester--an entirely 
new order of balanced design and 
performance. 

Never before has a distribution 
lightning arrester used the iden- 
tical essential parts of high volt- 
age station type models. And, 
never before, have such outstand- 
ing qualities been offered in the 





distribution field. 
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Operating parts of the Dynagap. Mag- 
netic coils above and below the gap 
element, when energized, drive the 
follow current arc away from the ini- 
tial spark gap and into the arc con- 
trol chambers. In this way the arc is 
stretched 140 times its original spark 
gap length and high resistance is 
built-up. Connected in parallel with 
the coils, in their centers, are by-pass 
resistors. These are small discs of 
valve block material having highly 
non-linear resistance. When lightning 
impulse occurs, the high inductive 
impedance of the coils and the low 
resistance of the blocks at elevated 
voltage result in passing this dis- 
charge through the resistors, across 
the close setting of the gaps, through 
the main valve blocks, and to ground 
with resulting exceptionally low IR 
discharge voltage, Follow-current at 
60-cycle line voltage is presented with 
a high-resistance state in the non- 
linear by-pass resistors, but readily 
passes through the coils. This creates 
a strong magnetic field that drives the 
arc, builds high arc resistance, and 
leads to extinguishment. 





ew Dynagap Permits Size Reductions Down to 
Half That of Other Distribution Arresters 
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Typical Thorex Dynagap distribution 


lightning arresters. Line-to-ground 
ratings of both types graduate from 
1 to 18 kv. One group is typified by an 
external air gap in series with the ar 
rester in order to follow distribution 
practice of having the arrester com 
pletely disconnected from the cir- 
cuit while not operating. The second 


group is likewise equipped with a line 








15kv 


lead and a series gap contained with 
in the arrester housing. This type also 
features an automatic ground lead 
isolator that frees the arrester from 
the circuit in the event of some dam- 
aging accidental overload. Since such 
conditions always result in instanta 
neous high heat, this is used to dis- 
charge a small explosive rivet that 


blows the ground connection clear. 





@Dynagap distribution light- 
ning arresters set a new standard 
for reduced size--a quality 
greatly welcomed by many users. 
Compared to any other arrester 
now manufactured, types above 
3 kv rating range from 10 to over 
50 per cent smaller. Greatest re- 
ductions are in higher voltage 
ratings where dimensions are 
more of a factor 

While radically miniaturized, 
the Dynagap distribution arrest- 
er uses vital operating parts in- 
terchangeable with highest-duty 
station grade Thorex models. 
Such a combination of reduced 
size with other unheard-of essen- 
tial features makes this new ar- 
rester unique in the distribution 
field. 

Among other advantages, the 
new Thorex distribution types -- 
with all their advanced features 
are available at no price pre- 
mium., 

Start now with your first in- 
stallations of Thorex Dynagap 
type DV arresters on your distri- 


bution circuits. 


OHIO BRASS COMPANY 
MANSFIELD, OHIO 





DEPENDABLE 


TUBULAR PRODUCTS FOR 
THE ELECTRICAL INDUSTRY 








™ 
This is Wolverine Trufin®—the integrally 
finned condenser tube that transfers more 
BTU’s per foot of tube . . . is ideal for use 
in oil cooled transformers. 














Ideal for transmission purposes is Wolver- 
ine small diameter tubing. This rigidly 
quality controlled product is available in 
copper, copper-base alloys and aluminum, 














Typical of Wolverine’s fabrication techni- 
ques is this electrical connector which is 
available in both copper and aluminum 
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For completely dependable tubing and tubular-shaped compo- 
nents your best bet is to work with a company that has made 
dependability a word to live by. 

Wolverine Tube emphasizes the quality of the tubing and tubular- 
shaped parts it produces for electrical customers. All products 
are manufactured under a program of Tubemanship: statistical 
quality control, constant research, sound engineering and years 
of experience—skillfully blended together to insure Wolverine 
customers of top flight products—all the time. 

Wolverine provides electrical manufacturers with both finned and 
prime surface condenser tube for transformer oil coolers. And for 
transmission purposes, Wolverine furnishes small diameter tubing 
in copper, copper-base alloy and aluminum. Wolverine’s fabrica 
tion facilities include equipment for finning, spinning, bending, 
beading, coiling, flaring, expanding and extruding 

Next time you order tubing or tubular-shaped products, remem 
ber Wolverine Tube and its Tubemanship program. It can be your 
open door to new concepts of quality. For more information write 
for our General Products Catalog. 


CALUMET @ HECK A INE 


CALUMET O1yvisioN 





WOLVERINE TUBE OryISION 
FOREST INDUSTRIES Oly ISion 
CALUMET @ HECLA 

OF CANADA LIMITEO 


©! iviston o situmet ecta, tne 
\. Fy Pe tel ‘c an ' 


65 CENTRAL AVE., DETROIT 9, MICH, 
CAMAOA VULCANIZER ANO 
EQUIPMENT COMPANY LIMITED 


c WOLVERINE TUBE 


PLANTS IN DETROIT, MICHIGAN, AND DECATUR, ALABAMA. 
SALES OFFICES IN PRINCIPAL CITIES. 


EXPORT OEPARTMENT, 11 EAST 40TH STREET. NEW YORK 16. NEW YORK 


Wolverine Trufin is available in Canada through the Unifin Tube Co., London, Ontario 


LLECTRICAL ENGINEERING when riting to advertisers 5 \ 








Beat high cable costs in 


Power Cables ¢ Control Cables 
Switchboard Wires ¢ Service Wires ¢ 
Series Lighting Cables ¢ Building Wires 


10.\ 


One, make sure that the cables you specify are designed 
and made to offer maximum service life with minimum 
maintenance under the toughest conditions, Collyer Cables 
will more than meet your highest standards. Two, save 
yourself time and trouble by ordering your complete cable 
requirements from one dependable source of supply. Collyer 
Engineers can match your exact specifications quickly and 
easily. Three, act now and get the first-hand facts on Collyer 
Cables, Write, wire or phone Collyer Insulated Wire Co., 
245 Roosevelt Ave., Pawtucket, R. I. 
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New Products 


to chemical attack. Conductors in standard 
Tape Cable have 0.100 inch center-to- 
center spacing in accordance with the rec- 
ommended RETMA (EIA) grid pattern 
for printed wiring. Nine standard sizes 
have been established, having 9, 14, 17, 
21, 27, 30, 36, 40, or 50 conductors. The 
most striking electrical characteristic of 


Tape Cable is its low interconductor ca- 
pacitance, It is ideal for high frequency 
applications. It is expected that Tape 
Cable will be widely used in applications 
where weight and space are critical, such 
as aircraft, missiles, portable, and mobile 
equipment Its widest use is expected in 
telephone equipment and computers and 
other electronic equipment where multiple 
electrical interconnections must be made 
with a minimum of labor and expense. 
Tape Cable readily lends itself to auto- 
mation techniques, 


Transformer. Incoming line, transformer, 
and outgoing feeder are compactly ai 
ranged in a new dry-type transformer for 
in-plant distribution of power. The unit 
is 631% inches high, 74 inches long, and 
38 inches deep. It is shipped, handled, 
and installed in one piece. Operation and 
routine servicing can be done from the 
front of the unit. No vault is required. 
Details and dimension prints are avail- 
able from ‘The Standard ‘Transformer 
Company, Warren, Ohio. 


New Single-Phase Watt-hour, General Ele« 
tric has announced a single-phase watt 
hour meter with a revolutionary stator 
design permitting “on-line” accuracy up 
to 200 amperes, Called the 1-60, it is a 30 
ampere 240-volt 5-wire single-phase 
model, with an overload capacity of 667° 
The meter was developed to provide a 
meter for all loads up to 200 amperes, 
equal in performance o1 better than any 
existing single-phase meter, and at a cost 
no greater than available Class 100 types 
In the new stator, the conventional com 
bined voltage and current electromagnet 
is replaced with a pair of ‘magnetically 
isolated electromagnets, one for voltage 
and one for current. Like the /-50 family 
of watt-hour meters, the /-60 features 
magnetic suspension. of the rotor with all 
the attendant benefits, including elimina 
tion of bearing maintenance. The /-60 
meter, like its predecessors, will operate 
accurately over the wide range of ambient 
temperatures encountered on meter in- 
stallations. For further information con 
tact the company at Schenectady 5, N.Y. 


(Continued on page 588A) 
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AUTOMATION’S BIGGEST PROBLEM: 


el Jationar BRUSHES HELP SOLVE 


adjustable speeds 


he 





Compact motor-generator unit combines 
A-C savings with D-C pin-point control 


Why these Ul arionat brush grades are best for automation: 
SA-45 SA-35 N- 4 


® Superior commutating ability over a See your “National” Brush Man when you're 
a ate range selecting carbon brushes. He has a brush 

® Brush uniformity assures consistent : 
machine performance for ovary. need, plus the experience 

© Superior brush operation reduces expensive and backing to help you assure continuous 
down-time and equipment maintenance good performance. 


UNION 
for Ncicile] = 
The terms National”, "Union Carbide” and the Silver Colored Cable Strand are registered trade-marks of Union Carbide Corporation 
nw. Y. 


NATIONAL CARBON COMPANY + Division of Union Carbide Corporation +« 30 East 42nd Street, New York 17, 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 





Type “SCRA” unit, 3 pole, 
5000 volts, 400 ampere, 4-way 
oil switch with 4 sets of high in- 
terrupting capacity power fuses. 
Similar units are available in 15 
Kv. and higher voltage ratings. 


— safely and economically provided by G & W 
load break oil switches combined with power 
fuses or with oil fuse cutouts. 


The schematic diagram above applies to either 
combination unit illustrated. The Type “RA” 
load break oil switch has three sets of manually 


operated links. Normally, the upper set of links we ; 
Type ““FCRA”’ unit, 3 pole, 5000 volts, 400 
ampere, 4-way oil switch with 4 sets of ‘‘FC42’’ 


oil fuse cutouts, 5000 volts, 200 amperes, gang 
links and closing the upper links, all four loads operated. 


are open and two loads are supplied from each 
feeder separately. By opening either set of lower 


can be supplied by either feeder. 


Get in touch with us or our nearest representative for information on combination 
Fuse-Switch units for your high voltage distribution centers. 


GaW ELECTRIC SPECIALTY COMPANY 
3500 W. 127th ST., BLUE ISLAND, ILLINOIS 


Representatives in mony cities of U 5. A., N. & S. Americo Canedian Mfr = Powerlite Devices, ttd., Toronto, Montreal & Vancouver 





High Voltage Cable Terminating, Sectionalizing, Protecting, and Connecting Devices 
{| ra Se A A an | |b 
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POTHEADS + BOXES OIL FUSE CUTOUTS+ LOAD BREAK OIL SWITCHES «SPLICING KITS 
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ALAMITOS BAY MARINA BASIN #1, built by the City of Long Beach, Calif: S. E. Vickers, city manager; J. D. Gilkerson, city engineer; B. E. McCune, 
deputy city engineer; Thomas G. Marchese, project engineer. Engineers: Moffatt & Nichol Inc., Long Beach. Electrical contractor: Ets-Hokin & Galvan, 
Wilmington, Calif. Everdur Conduit furnished by General Electric Supply Company, Long Beach, Calif. 


Over two miles of Everdur Conduit guards electric service 
at new Long Beach, Calif., marina unit, serving 342 boats 


The City of Long Beach, Calif., is in the process of 
transforming its Alamitos Bay area from tide flats and a 
massive mosquito factory into one of the finest small 
boat harbors in the world. 

The first boat basin and marina unit, which can accom 
modate 342 boats, is now complete. The floating docks 
are well lighted and at each slip, boat owners have 
plug-in electric service and a fresh water tap. All elec- 
trical wiring from the shore out is protected by Everdur 
Electrical Conduit es over 11,000 feet, ranging from 
%” nominal size to 3”. In addition, all fittings and boxes 
are of Everdur. -« 

Everdur Electrical Conduit — made from one of Ana- 
conda’s copper-silicon alloys—never rusts and offers high 
resistance to other types of corrosion. It provides de 
pendable year-after-year protection wherever water and 
corrosive atmosphe res are a problem — or where conduit 


must be buried or embedded in concrete. Everdur is also 


EVERDUR ELECTRICAL CONDUIT is installed under floating docks, only tough — it stands up under movement and vibration. 
inches above the water. Plug-in electrical outlets are located at lockers For detailed infarmat! - TI , 
by each slip and on lighting standards, Below: Everdur Electrical Conduit or detailed information, write: The Amerjcan Brass 


is available in two wall thicknesses—R. C. and E. M. T. Company, Buffalo Division, Buffalo 5, N. Y. In Canada 


' <edun, wnemdunmenenaeseeneenie, alll wane aneek Anaconda American Brass Ltd., New Toronto, Ontario 


EVERDU!I 


ELECTRICAL CONDUIT 


an ANACON “iJ DA product 


made by The American Brass Company 


CORROSION RESISTANT , STRONG » NONMAGNETIC » WORKABLE : WELDABLE 
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GENERATOR RELAY 
BACK-UP PROTECTION 


COV unit simplifies detection 


of less-than-load faults. 
Current unit 

is voltage controlled... 
not restrained 


Voltage controlled by a high-speed cylinder 
unit, the new Westinghouse COV relay for 
detection of generator bus or transmission 
line less-than-load faults, achieves reli- 
ability and speed without intricate volt- 
age calculations. 


The overcurrent unit is a low-burden- 
type Westinghouse CO overcurrent relay. 
The voltage unit is a high-speed cylinder 
design, with adjustable pickup from 80 to 
100 volts a-c. Both are contained in a 
single Flexitest* universal case and can be 
independently set. 


Fault currents are accompanied by volt- 
age reduction which allows the voltage 
unit to reset, closing its contact to com- 
plete the CO operating coil circuit. System 


swings and heavy overloads will not cause 
unwanted relay operation. 


Less-than-maximum load setting of the 
overcurrent unit is necessary to provide 
reliable protection because of the narrow 
margin between load and generator fault 
current, due to the decay of fault current 
shortly after the fault occurs. 


The new COV is available in several 
operating-time characteristics, assuring se- 
lective coordination with adjacent relays; 
Complete details are available from your 
Westinghouse salesman or relay specialist. 
Or you may write direct to Westinghouse 
Electric Corporation, P. O. Box 868, 


Pittsburgh 30, Pennsylvania. J-40497 
®Trade-Mark 


you can BE SURE...1F iTS 


’ Po 
Westinghouse C): 
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& Improved-quality extrusions at faster rates with 


new coutrolled pressure’ extrusion technique ji 


Experiments have shown that extrusion 











quality is related to three primary factors— 
pressure, resin temperature, and extrusion rate. in 


A change in any one of these factors 








affects one or both of the others. 





Now, Bakelite Company Laboratories have 


developed an efficient, accurate method of 







































































controlling pressure during the extrusion 
operation. Essentially, it employs a valve 
| a © —~ 
between the extruder head and the die, DN 
80 i. 
together with a pressure gauge and an PO|OR 
, « 
immersion thermocouple in the head, = x QUALITIY 
o 
or between the head and the valve. 4 = 
- sy 
oe » A 
This process provides a continuous method of 40 
> 
control. Proper manipulation of pressure and =? 
> 
: ° 
screw speed results in better temperature 
control and improved resin homogeneity, 4 
better mixing characteristics and an 
1400 2200 
. ° - » 
improved product at increased output’. PRESSURE, PS 4 
The above graph on a typical sample run gives dramatic evidence QY 
of the effect of the centealied sressure (valve) extrusion technique 
7 ° on output, Without the valve, the highest usable screw speed, giving tric 
T he development of this controlled-pressu commercially acceptable quality, was 40 rpm. This resulted in an 
output rate of 40 pounds per hour or 100 feet per minute (Point A) for 
When the streamlined controlled pressure valve was used, the screw 
(valve) extrusion by Bakelite Company speed could be increased to 114 rpm, DOUBLING the acceptable- por 


quality production rate (Point B). | 


: . The values used in the above figure are the result of one sample test 
permits operation of all extruders run under a typical set of extrusion conditions and should not be 
applied empirically to other extrusion conditions, Conditions used 

: . : , in this test were as follows; two inch extruder using a dry blend 

‘at their maximum capacity while electrical compound based on QYRS extruded on number 14 wire 
with a wall thickness of 1/32 inch. Improved extrusion results, simi- 


P = . , lar to those shown for wire and ‘cable, may be expected for other 
maintaining highest quality. applications. 
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Controlled pressure (valve) extrusion permits 
the extrusion of dry-blend resin comparable 

in quality to the extrusion of hot-flux materials. 
When used with Bake.ire Brand Vinyl QYRS, 
it results in a superior product with 

improved finish, reduced roughness, and 


minimum “fisheyes”. 


QYRS is desirable for preblend formulations used in both elee- 
trical and non-electrical applications. It is particularly suitable 
for building wire, flexible cord, appliance wire, telephone wire, 
power cable, and such contour extruded items as garden hose, 


welting, and belting. 


Advantages of QYRS include the following: 
@ High bulk density of 30-35 lbs./sq. ft., permitting larger 


tonnage output rates from a given size blender 


@ High specific viscosity of 0.205 to 0.220, resulting in 


improved physical properties, such as strength 


@ More uniform particle size, ensuring maximum extru- 
sion rate, minimum dusting, and proper dispersion of 


plasticizer with resin. 
@ Batch-to-batch uniformity, assuring uniform extrusions 


@ Faster dry blending time, based on tests that prove 
QYRKS will dry blend 10-15% faster than conventional 
resins while still maintaining excellent dispersion of ingre 


dients 


@ Utilization of present cycle, so that fabricators can use 
the same blending cycle as presently employed with other 


dry-blending resins. 


@ Adaptability to a shorter cycle as a result of faster 


plasticizer absorption 


For further information on the controlled pressure (valve) 
extrusion method and the new Bakeurre Brand dry-blend 
vinyl resin QYRS, write Dept. YZ-55. 


BAKELITE 


BRAND 


PLASTICS 


Eh Site}. 
lo Ni d=jie) = 


BAKELITE COMPANY, Division of Union Carbide Corporation, 30 Fast 42nd Street, New York 17, N. Y. 


Phe terms BakeLrre and Union Cansipe and the Trefoil Symbol are registered trade-marks of UCC. 
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Redesign of an airborne 
analog computer 

to perform additional 
functions 

called for 20 per cent 
more parts — 

with no over-all 


Problem: “Q\\"3Raae eaten 


change in form. 





At the same time, 
a high degree 
of reliability 


had to be maintained. 


Advanced radar fire control systems for military aircraft 


demand the highest degree of reliability under severe 
APPROACH TO restrictions. These include quantity manufacturability, 
minimum size and weight, protection from shock and 
heat, serviceability, and exacting performance. 


At Hughes, one objective of equipment design engineers 1s tO Main- 
RELIABILITY | ! iui gn eng 


tain consistent essential performance of the systems while steadily 
improving reliability. Following is an example of accomplishment 
by Hughes engineers this spec ialized area: 





By use of improved 
components, unique 
packaging techniques, and 
thorough environmental 
testing, Hughes design 
engineers were able to 
meet specifications 

and improve 


S QO | u tl On - | reliability as well. Result 


was that the new computer 





operated at mean internal 
temperatures in excess 

of 20°C and withstood shocks 
of 59.Q's— as against 85°C 


and 30 g's for the original unit 





ENGINEERS experienced in the fields of product design, 


clectronics packaging, miniaturization and component relia- HY U G HH E gS 


bility will find outlets for their abilities in new advanced 
packaging and reliability problems 


RESEARCH AND DEVELOPMENT LABORATORIES 


SCIENTIFIC STAFF RELATIONS 





Hughes Aircraft Company, Culver City, California 
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Hughes 
Quick Recovery 





Silicon 
Junction 


Diodes 


rASIER 
COMPUTER DEVIGES 


SPECIFICATIONS 





THAN GERMANIUM 


...and able to withstand high voltages 





at high temperatures, these quick re- 


eee 





covery silicons are particularly useful 


WIV @ O.1mA up to 200V 


T 'ypes now 





In Circuits where germanium once pr = available 


IN625 


through 


Forward Voltage @ 4mA less than 1.56V 


vided the only possibility. Unlike ger- 





manium, breakdown voltages for the 

Recovery (modified IBM 400K ohmea 

test) prec. when switched from 
40mA forward to $5V 
reverne 


‘ . ’ , IN629 
silicons increase with temperature, ¥ 


thereby removing the danger of failure 





should temperatures rise to unexpected Reverse Current @ 25°C as low as 1,A @ —176V 
) as yA @ —17 


levels. This kind of ruggedness together — ' neous 


Reverse Current @ 100°C as low as 100,A @ —175V 


with increased speed identify the di- 


odes as ideal when the demand for ae ian cunts 


F . . Range 
reliability is greatest. ° 





Perhaps one of the IN620 series will be just right PHYSICAL CONFIGURATION. All 


for your partic ular application; if not, there 
will undoubtedly be a Hughes germanium or 


silicon diode that is. For a call from one of our 


types are pac kaged in the famous glass be nly, 
created at Hughes to provide absolute pro- 


tecnon from moisture penetration and con- 


. - . tamination. Body length: 0.265 inch maxi- 
field sales engineers or for additional informa- : "7 inna P 

um. Body diameter: 0.105 Ine h maximum, 
tion about our quick recovery silicon diodes, } 








please write: 





SEMICONDUCTOR DIVISION « HUGHES PRODUCTS International Airport Station, Los Angeles 45, California 


Creating a 
new world 

with ‘~ 
ELEC °TRONICS 


HUGHES i 


SEMICONDUCTORS 





© 1067. HUGHES AIRCRAFT ComPANY 
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ELECTRONIC GALVO 





20 wua or 0.2 uv per division sensitivity 


Solve your bridge balance and low-level 
DC measurement problems with this 
sensitive, rugged, and versatile combi- 
nation DC null detector, micro-micro- 
ammeter, microvoltmeter, and micro- 
volt level DC amplifer 


Current sensitivity of the Model 204A 
is 20 times greater than high quality, 
mice hank al current galvanome ters As 
a voltage galvanometer, its extremely 
high power sensitivity makes it superior 
to moving coil instruments 


Ideal for production testing, low level 
DC amplification to extend the range 
of recording instruments, or as a direct 
reading indicator for strain gage, ther- 
mocouple and other current or voltage 
measurements in industry or laboratory 


PECIFIC ATION 8 


1Ouv to 10 volts or 0.00! va to | milliamp full 


scale in 7 ranges 


All transistorized Rugged Insensitive to 


shock, microphonics, mounting position 


Withstonds extreme overloads with no zero 


offset 


Floating input 10,000 ohm fixed input resist- 


ance No restrictions on source resistance 
10°'4 full scale power sensitivity 


Use os stable DC omplifier with 1 volt ot 1 


milllamp output 


Less thon 2 uv drift, less thon | uv P-P noise 


Representatives Nationwide. 
Ask for demonstration today or write 
for detailed literature. 


B726 KEARNY VILLA RD 


( 
KAY LAB? BAN DIEGO t!, CALIFORNIA 


SOA 














Power Supply for 
Resistance 


Welding Machines 
(April 1952) 


AIEE Special Publication S-45 
is a report of the AIEE Sub- 
committee on Power Supply 
for Resistance Welding Ma- 


chines. Recognizing that the | 
|| installation and use of any 
resistance welding process | 
vitally concerns not only the | 


industrialist requiring the 
process but also the welding 
machine manufacturer and 


|| the utility supplying the elec- 
|| tric power as well, the com- 
report | 
brought together much perti- | 
nent data from the knowl- | 
edge, literature, and experi- | 


mittee has in this 


ence in all these fields. 


| new work is required by de- | 


| chines, new processes, better | 
| analysis of certain pheno- | 


This publication supersedes 


| the AIEE reports of the same | 


title presented in 1940-1. The 


velopments in welding ma- 


mena (such as measurement 
of instantaneous loads, and 


| interference between weld- 


ers), and a clearer under- | 
|| standing of the whole prob- 
ii lem of power supply for re- | 


| sistance welders. 


| volved so that a full analysis | 
| developed for a welding proj- | 
ect can be readily under- | 
stood and utilized by man- | 


This report is not intended | 
|| to be a complete solution of | 
| all welding problems, but | 
| should direct attention to the | 


special electrical features in- 


| ager, master mechanic, and 
| electrical engineer. 


nD ee 


| Copies are available for the 


price of $1.00 (no discounts 
permitted). Address: 


Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 








WE CARRY IN STOCK ALL SIZES, 
ALL SHAPES, ALL GRADES 


"ALNICO PERMANENT 


MAGNETS 


IN EXPERIMENTAL OR 
PRODUCTION QUANTITIES 


24-HOUR DELIVERY! 


PERMAG SERVICES INCLUDE: 


ENGINEERING + PRECISION 
+ PRECISION GRINDING 
CUTTING + MAGNETIZING 


PERMAG 


CORP. 
210 TAAFFE PLACE, BROOKLYN 5, N. Y. 


























ys 
WANTED 


Back copies of 
ACTIONS of 
Institute of Electrical Engineers, 


Volume 71, 1952, Parts II and 
Ill. 


TRANS- 


The American 


Please mail (parcel post) to 
American Institute of Electrical 
Engineers, 33 W. 39th St., New 
York 18, N. Y., printing your 
name and address upon the 
mailing wrapper. 


Six dollars for both parts, plus 
postage, will be paid for copies 
returned. 
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NEW YORK CITY—In this photograph 
made during construction of the Hud 
son Avenue Switching Station of the 
Consolidated Edison Company of 
New York, Inc., may be seen some of 
the 138/161 kv—1200 amperes Type 
RDC Double Side-Break Switches de- 
signed and engineered by Southern 
States to meet a number of operat- 
ing conditions, including minimum 


radio interference. 


TYPE RDC Available in voltage rat- 
ings of 34.5 kv and above; in con- 


a tinuous current ratings of 600, 1200 break switches was chosen by Consolidated Edison for its 
= amperes recently completed Hudson Avenue Switching Station 
“Wie The Type RDC has an RIV of less than 500 microvolts, a 


The newest member of Southern States’ complete line of air 


is) 


primary requirement for this station located in Brooklyn, 
New York. 


There are many other advantages of this double side-break 


switch, including: 


High momentary current rating 

Streamlined, corona-suppressing contours 
Minimum number of current interchange points 
Shuntiess design 

Wide angle blade rotation 

AMPLITACT™ silver-to-copper contacts 

Shielded mechanisms—complete icing protection 


Greaseless, non-corroding ball bearings 


Switch blade is one continuous member 


Your Southern States representative will be glad 


you more information about this new switch. 








EQUIPMENT ‘CORP, 
HAMPTON, GEORGIA 


IN CANADA: Dominion Cutout Co., Lid., Toronto 
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i¢ YOU'RE responsible 
tor POWER CONTINUITY 


TOTAL FAILURE 
PROTECTION 


PARTIAL VOLTAGE 
FAILURE 
PROTECTION 


POSITIVE NORMAL 
OR EMERGENCY 
POSITIONS ONLY 


AUTOMATIC TRANSFER 
SWITCHES 


Trans-O-Matic’s compact, failure-proof design employs two 
standard circuit breakers, one from the normal and one from 
the emergency source, either of which will supply the load. 
Relay-actuated motor operates circuit breakers for positive 
mechanical transfer with continuous service in normal or 
emergency position. Available in capacities to 600 volts, 
800 amps, interrupting capacities to 50,000 amps RMS. 


Prompt delivery in most sizes. 


OPTIONAL FEATURES 


Adjustable time delay on restoration to 20 minutes « 
Engine starting contact ¢ Test pushbutton ¢ Pilot lights 
for switch position ¢ Special enclosures 


LAKE SH ; ORPORATION 
BEDFORD, OHIO 
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(Continued from page 46A) 


New Products 


Thin-Wall Coil Forms. A line thin-wall 
coil forms of Du Pont Mylar has been 
developed by Precision Paper Tube Com 
pany as a solution to insulating problems 
where space is at a premium. Wall thick 
nesses of from 0.002 inch to 0.010 inch can 
be supplied. The Mylar tubes are highly 
resistant to moisture, solvents, and chemi 
cals and have higher dielectric strength 
than coil forms fabricated from other flex 
ible insulating materials. For full infor- 
mation, contact Precision Paper Tube Co., 
Dept. EGN, 2035 W. Charleston St., Chi- 
cago 44, Ih 


Recording Film. A heat-sensitive film for 
graphic recording instruments features 
easy duplication, projection, or optical 
evaluation, The clear, 100-gage polyester 
film base is an ideal carrier tor this use 
because of its transparency, extreme sta 
bility, and resistance to tear. Heated or 
pressure loaded styli render the coating 
transparent The coated film may be 
printed with a grid using a high solvent 
ink which also changes the coating trom 
in Opaque white to transparent Phe film 
is extremely thin which permits a long 
chart to be rolled within a small diameter 
For further information contact Technical 
Paper Company, Inc., 2430 Linden Ave 

E., Linden, N. J. 


Ihree Converters. Three new dc to a« 
converters have been announced by Cai 
ter Motor Company, 2705A W. George St 
Chicago, Ul. The refrigerator-appliance 
automate Marine converter runs house 
freezers, rvelrigerators, tools, and appli 
ances trom d-c or battery powel It weighs 
65 pounds and its output is 750 watts 
Ihe d-c to a-c geneverters are small, light 
weight, and low cost in the genemotor 
frame. They are for control circuits and 
industrial applications not requiring a 
larger converter. The Mark II super con 
verters are of improved design for longe 
lite and better performance. They supe 
sede previous Carter standard super con 
verters incorporating all previously op 


tional long life features. 


Frequency Analyzer. The TP-625 frequen 
cy analyzer determines the frequency and 
amplitude of the individual components 
of a complex wave within the trequency 
range of 2 to 25,000 cycles. When equip 
ped with its auxiliary equipment, the 
PP-629 control panel and the TP-628 
servo drive, the TP-625 trequency analyzer 
will automatically track to a frequency 
established by the speed of the equipment 
under analysis. Odd, even, or tractional 
ratios can be established by the control 
panel, The auxiliary equipment requires 
only one external signal, a function of the 
fundamental frequency of the equipment 
being analyzed. For further information 
contact Technical Products Company, In 
strument Division, 6670 Lexington Ave., 
Los Angeles 38, Calif 
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CABLE 
WRAPPING 


IS EASY 
WITH 
AMP-SPIRAP 


; 





The development and production of the finest quality solderless terminals for your 

electrical circuitry requirements is AMP's primary objective. We also constantly 
search for allied products and application techniques that will speed, simplify, 

and obsolete present time-consuming sub-assembly operations. AMP-SPIRAP and 

its application technique stems from such constant searching activity. 





















AMP-SPIRAP is a unique, spirally-cut plastic wrapping that . . . 





® eliminates tedious cable lacing, insulation damage, and pulling of wires 
through spaghetti tubing 


@ js quickly applied to wire bundles of any size up to 3'2 inches diameter 
® permits individual wires to be entered or led out at any point 

® jis quickly unwound to allow wires to be added, removed, or relocated— 
thereby eliminating the necessity for cutting intothe cable bundle after assembly 
® holds wires together tightly, but permits flexibility for forming cable 


® provides mechanical protection over entire length of cable 


When required for your maintenance and repair needs, 


°o 
AMP-SPIRAP is available in the U.S.A. through American api 
Pamcor Inc. amancan Bi ramcon wc 


Additional information about AMP-SPIRAP and its application versatility 
is available on request. SEND FOR YOUR FREE SAMPLE TODAY. 


AMP INCORPORATED 


GENERAL OFFICES: 


4132 Eisenhower Boulevard, Harrisburg, Pa. 
Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (Great Britain) Ltd., London, England + Societe AMP de France, 
Le Pre St. Gervais, Seine, France * AMP—Holland N.V. 's-Hertogenbosch, Holland 
Distributor in Japan: Oriental Terminal Products Co., Ltd.. Tokyo, Japan 


AMP-SPIRAP 








P & B PROGRESS / 
UNIQUE DESIGN IMPROVES WEIGHT 
SIZE, PERFORMANCE FACTORS 











NEW! 











MINIATURE TELEPHONE TYPE RELAY HAS 
SUPERIOR SHOCK/VIBRATION RESISTANCE 


Unusual for a telephone type relay, the MG Series has excellent stability 
under high shock and vibration conditions. Tests show this miniature, 
light weight (only 1.2 0z., open) relay withstands vibration of 10g 55 to 
500 cycles per second and will operate under shock to 30g according to 
Mil-R-5757C 

The superior performance of the MG is due in part to its unique single 
stack construction and to an exclusive hinge design which provides zero 
heel gap 

Open, dust covered or hermetically sealed, the MG is available with 
contact arrangements up to 4 Form C (4PDT). It is rated for ambient 
temperatures of —55°C to +85°C. A high-temperature version with a range 
of -65°C to +125°C will soon be available. Write or wire today for com- 
plete specifications and delivery information. 


jae) MG RELAY 


TERMINALS: 
Open Relay: Pierced Solder Lugs. 


Hermeticaliy Seated: 





u 
Polystyrene Dust Cever: Micro Ribbon plug-in type. 


HERMETICALLY POLYSTYRENE Mating receptacie: Amphenol #57-20140 or similar 


SEALED DUST COVER INSULATION RESISTANCE: 100 megohms min. 

VIBRATION: 065" excursion 10-55 cps. 10g 55-550 
cpt. vpon request 

SHOCK: 30g according to Mil-R-5757C upon request. 

TEMPERATURE RANGE: — 55°C to + 85°C. 

WHGHT: 1.2 oxs, (open) 2.0 ozs, (sealed). 








| CONTACTS: 3/32 silver 


Ile 








PAB Representatives in Canada: Aeromotive Engineering Products, Montreal 
A.T.R. Armstrong, Lid, Torente + Charles L. Thompson, Ltd. North Vancouver 


Potter & Buuntield, ine. 


PRINCETON, INDIANA 


SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Menviacturing Divisions also in Franklin, Ky and Leconic, N. H 
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Contacts: Two #16 AWG wires. Coil: Two #20 AWG wires. 


Miniature plug-in header with 7, 9 or 14 pins. Multiple Solder 
header with hook and terminals for three #20 AWG wires 


PUAL-IM SPEED: Approximately 15 ms at nominal voltage. 
DROP-OUT SPEED: Approximately 10 ms at nominal voltage. 


/| CONTACT ARRANGEMENT: 4 pole, double throw (4 Form C). 
}——"*——-{ COM POWER: 3 watts max. DC @ 25°C. Continvous duty 












(Continued from page 58A) 


New Products 





High Speed Cameras, Analysis Projector. 
A Frastax high speed motion-picture and 
oscillographic camera, a 16-mm motion 
picture analysis projector, and an im 
proved FASTA motion picture missile 
camera have been announced by Wollen 
sak Optical Company, Avenue D & Hud 
son, Rochester, N. Y. The rastax-WF-17 
high speed motion picture and_ oscillo 
graphic camera Was designed to record 
both mechanical and electrical data on 
the same film, It is particularly useful 
where studies of short duration are re 
quired. The 16-mm motion analysis pro 
jector was developed tor the study and 





inalysis of subjects filmed by high speed 
motion picture cameras. Films can be pro 
jected without flicker as slowly as 2 frames 
per second, In addition, normal speed of 
16 frames per second, frame-by-frame or 
still picture proyection may be shown The 
improved FASTAIR high-speed missile cam 
era in addition to its rugged construction 
capable of withstanding extremely high 
“G” loads, severe vibration, impact and 
shock, will accept 50-foot and 100-toot 
daylight loading magazines and incorpo 
rates the revolving prism principle. This 
feature eliminates one of the photograph 


er’s major problems in location photog 


raphy 





Tape Reader. Combining the advantages 


of both tape and card readers, the new 
Pape-ard Reader manufactured by Cali 
fornia Technical Industries, 1434 Old 
County Rd., Belmont, Calif., features the 
unique ability to read 10 transverse rows 
of 8 holes each in a perforated tape simul 
taneously. Providing the convenience in 
handling data in a fixed sequence atlorded 
by tape, the unit can supply 80 bits of 
information for each event without the 
use of memory circuits required by sin 
gle-line readers. Applications with these 
requisites include the programming of 
automatic production and test equipment 
With its ability to read a complete field 
of data, the unusual device presents sim 
plifications and new techniques for manu 
facturers of business machines, computers, 
and similar equipment where tape or card 
programming and data storage are used 
For further information contact the man 
ufacturer. 

(Continued on page 67A) 
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Quick, Sure 
Inspections 


MADE EASY WITH EXCLUSIVE 


xuuman Clearvue 


Ordinary Interior 


You can simplify and speed accurate transformer inspec- 
tion—in the yard or on the pole—with the exclusive 
KUHLMAN CLEARVUE Interiors. 

The value of CLEARVUE interiors is dramatically illus- 
trated in the photographs above. Ordinary interiors are 
difficult to work in, even under good light conditions. 
With the gleaming KUHLMAN CLEARVUE interiors, even 
the immersed transformer components are sharply visible. 
This clear view insures correct, fast changes of taps or 
leads in either bright sunlight or flashlight. 


IN THE YARD 


ON THE POLE 


INTERIORS 


CLEARVUE Interior 


Introduced less than a year ago, KUHLMAN CLEARVUE 
transformers are being specified by increasing numbers 
of progressive utility operators. They realize that time can 
be saved and inspections improved when KUHLMAN 
CLEARVUE transformers are used. Make the CLEARVUE 
comparison yourself . . . or let your KUHLMAN repre- 
sentative demonstrate the improvement that it makes. And, 
when you're buying, remember that ONLY KUHLMAN 
distribution transformers have the proven CLEARVUE 
interiors. 


KUHLMAN 


BAY CITY, MICHIGAN e@ CRYSTAL SPRINGS, MISSISSIPPI ¢ SALINAS, CALIFORNIA 
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The motor with the built-in hush 
...Westinghouse L#e-Line4/ 


Tests prove the Life-Line® ‘‘A”’ motor is the quietest available for air-conditioning 
applications and other places where motors must be quiet. Studies in soundproof 
laboratories prove the operating sound level of these Life-Line ‘‘A”’ motors is 





lower than any other standard motor. 
Precision manufactured parts, dynamically balanced, assure dependable service. 


Possible vibration is minimized by rugged mounting of this smooth-running 
Westinghouse motor. Pre-lubrication coupled with Life-Line ‘“‘A”’ fortified insu- 
lation and close-tolerance machining offers the nearest thing to a maintenance- 
free motor available. 

For further information on the Life-Line ‘‘A”’ motor, call your Westinghouse 
sales engineer or write Westinghouse Electric Corporation, 3 Gateway Center, 
P.O. Box 868, Pittsburgh 30, Pennsylvania. J-21996 


YOU CAN BE SURE...iF ITS Westinghouse cws 
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Sustained operating temperatures up to 400° F, as in guided missiles 


CDF glass-base laminates of Teflon *—the only laminates 


f their kind approved by the 


are death to inferior electrical insulations and laminates 


military an take this punishment steadily 


LATEST HIGH-HEAT INSULATION SYSTEMS 
NEED CDF GLASS-BASE LAMINATES AND TAPES 


Widest available range offers Teflon, epoxy, silicone, mica 


products for dimensional stability under continuous heat 


As components and equipment grow smaller, and heat 
more difficult to dissipate, CDF high-heat 
electrical insulations become increasingly important to 
electronic design. For nowhere else can such a wide 
range of quality insulations be found under one roof 
as at CDF 


becomes 


FOR HIGH-HEAT PRINTED CIRCUITRY, CDI’ glass 
base metal-clad laminates of Teflon* and epoxy exhibit 
best dimensional stability and current-carrying 
pacity. Constant operating temperatures of 300°F 
soldering temperatures to 500° F are readily met by 
these specialized CDF Dilecto® laminates 


ca 


HIGH-HEAT FLEXIBLE INSULATIONS. CDF offers a 
wide choice of insulating tapes made of Teflon, silicone 
varnish, silicone rubber, and Micabond®, 
cloth support 


with glass 
CDF tapes may be used either by hand 
ELECTRIK 
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wrapping or on automatic winding machines. Unsup 
ported Teflon in colors available to meet MIL-STD 104 


TEFLON SPAGHETTI TUBING AND OTHER SPECIALTIES. 
Part of CDF’s vast fabrication facilities is devoted to 
the production of custom parts from ‘Teflon 
ghetti tubing, rods, sheets, and machined part 
specifications 


NEW 


other 


pa 


to rigid 


cementable Teflon, bondable to itself and to 


materials with commercial adhesives 


SEE SWEET’S Product Design File Buyers’ 
Guide, and other directories for the name and phone 
number of your CDF sales engineer 


print or your problem 


Klectronics 
Then send your 


and we'll return specific tech 


nical data and test samples 


*trademark of DuPont tetrafiuoroethylene resin 
A sussipiary OF THE Afra’ COMPANY + NEWARK 86, DEI 
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AAAC™.ALL-ALUMINUM ALLOY CONDUCTOR 


NEIL BARR 


Chief Engineer—-Electrical 


onductor Division 


The lower cost and availability of E.C. 
aluminum and ACSR and their excel- 
lent performance record have resulted 
in their increased use as transmission, 
distribution (primaries and secondar- 
ies) and service drop conductors, In 
lines being constructed today either all- 
aluminum or ACSR is probably used in 
95% of transmission, 50% of distribu- 
tion and 60% of service drops. 


In transmission lines the cost of high 
strength structures, with associated in- 
sulators and accessories, usually neces 
sitates the use of high strength conduc 
tor when economics are considered. 
ACSR has for many years satisfactorily 
filled this need. Transmission lines have 
relatively few taps or other connections 
and their importance justifies the use 
of the best available accessories such 
as compression splices and dead-ends, 
Since transmission line rights-of-way 
ire usually cleared of all obstructions, 
they are seldom bothered by falling 
trees or sleet-loaded tree limbs. Con 
ductor repairs are not often required. 


Distribution lines with their many 
taps and connections of all kinds pre 
sent a different problem. It is not al 
ways possible to trim trees, so sleet 
storms and high winds usually result 
in considerable conductor damage due 
to swinging or falling branches. With 
the many taps and more frequent con 
ductor repairs, the steel-cored ACSR 
does present some problems, espe 
cially when it is desirable or necessary 
to do live line repair work. Due to new 
building projects and added load, it is 
frequently necessary to revise or re 
build distribution circuits 


In some instances E.C, aluminum 
conductors can be used in distribution 
circuits, but in the smaller sizes, usually 
in the heavy loading district, additional 
strength is frequently required. To 


O41.’ 


ANDREW L. KOLB 
Manager Electrical Product 
Development Department 


H. S. SPAULDING 
tant Chief—Corporation 


Metallurgical Dept 


date, this strength requirement has 
been fulfilled by using ACSR with the 
associated problems of splicing, dead- 
ending and repairs, 

Conditions outlined above pointed 
to the need for a satisfactory high- 
strength aluminum conductor that 
would enable users to take advantage 
of the cost differential between alumi- 
num and copper. We believe a high- 
strength high-conductivity aluminum- 
magnesium-silicon alloy conductor 
such as we have developed over the 
past years meets these requirements. 
Some of its advantages are listed 
below: 


1. Increased strength over E.C. alumi- 
num 


One-piece splice develops full 
strength 


Simple to dead-end 


Emergency splices can be made 
with automatic type units 


E. W. GREENFIELD 
Head, Electrical Engineering 
Department, Division of 
Metallurgical Research 


Lighter in weight than ACSR 

One metal, which alleviates galvanic 
corrosion possible with ACSR in 
some highly corrosive atmospheres 


Desirable electrical characteristics 
—especially a-c/d-c resistance ratio, 
which is about 1.00, the same as for 
copper or its equivalent E.C. alumi- 
num as compared with about 1.25 
for some of the larger sizes of ACSR 
made of one layer of aluminum 
over a single solid steel core wire. 
Since ACSR satisfies strength re- 
quirements with a practical size, an 
alloy which has a strength and conduc- 
tivity equal to these composite prop- 
erties of ACSR will also be satisfactory. 
The examples in Table I show what 
these properties of the alloy should be. 
Therefore, with the strength of the 
aluminum strands as 25,000 PSI, and 
that of the steel (at 1° extension) as 
170,000 PSI, the average tensile 
strength of the conductor is 45,700 PSI. 





The initials AAAC are not a trade-mark of Kaiser Aluminum, but are regarded as a grade designation 
for All Aluminum Alloy Conductor (developed by Kaiser Aluminum). The initials are intended to be used 
freely throughout the industry in designating such products, as is the case with grade designation ACSR, 
Aluminum Conductor, Steel Reinforced. While testing continues, AAAC will be available in limited quantities 
through Kaiser Aluminum sales offices and distributors; redraw rod will later be available to other fabri- 


cators of electrical conductor 





Area 6 Al 


Conductivity 
av 


1 steel 


6/7 K 61% = 52.3% 
ACSR 
Strength — 6 Al (25,000) 
1 steel (170,000) 
(320,000 PSI) 


av PSI/strand = 320,000 — 45,700 





FOR EQUAL CONDUCTIVITY 


6 Al (61%) + 1 steel (0%) 


FOR EQUAL STRENGTH 


7 TABLE 1 


LOY 
Area — 7 Al 
Desired Conductivity 


d 


52.3% 
Conductivity — 7/7 (52.3%) 


ALLOY 


Desired average strength — 45,700 PSI 
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Hence, from high-strength high-con- 
ductivity alloy with electrical conduc- 
tivity of 52.3% and tensile strength of 
46,000 PSI, a conductor can be de- 
signed that will be no larger in diam- 
eter than ACSR, which will have the 
same d-c resistance and strength as 
ACSR. It offers these advantages: 


(1) Not difficult to splice —since only 
one splicing unit is necessary, which is 
standard practice with all aluminum or 
copper conductor. 


(2) Not difficult to dead-end-— since 
no separate clevis is necessary for the 
core and aluminum strands. The alloy 
conductor is stiffer than E.C. aluminum, 
but there is no extra stiff core wire to 
cause “basketing” when the conductor 
is bent to form around an insulated 
clevis or similar dead-end device. 


(3) Quickly repaired—if a company 
is satisfied with past records of auto- 
matic splices or dead-ends on copper or 
aluminum, the alloy may be repaired 
in the same manner. Automatic dead- 
ends for ACSR require that both the 
steel and aluminum be separately 
gripped. This rules out the advantage 
of making electrical taps on the non- 
tension leg at dead-ends. With alloy con- 
ductor there is no need of separately 
gripping the aluminum and core wire. 


(4) More favorable weight-—since by 
equal volume steel is three times as 
heavy as aluminum and the core wire 
will now be alloy instead of steel. The 
alloy conductor will only weigh about 
80% as much as the equivalent ACSR. 
(Consider the weight of 6 aluminum 
strands + 3 equivalent aluminum 
strands in the steel core wire replaced 
by 6 aluminum 1 additional alumi- 
num strand in the core. The total 
weight then is 7/9 that of ACSR, or ap- 
proximately 80%.) 


(5) Mono-metallic conductor—rather 
than two metals as in ACSR. The ox- 
ides of most aluminum alloys make the 
alloys self-protecting. Such is the case 
of the alloy considered here. In most 
areas where there is a corrosive atmos- 
phere some method of core protection 
for ACSR can be used to protect the 
conductor — such as heavier galvanizing 
on the core wire or protection with pe- 
troleum compounds, but the fact still 
remains that steel and aluminum aie far 
enough separated in the galvanic series 
that if the protective medium or the 
zinc separator is damaged, galvanic cor- 
rosion can occur and aluminum is the 
sacrificial metal. 


This conductor has been named 
AAAC (all aluminum alloy conductor). 
It has a conductivity of 52 to 53% 
IACS and a tensile strength of 48,000 
to 50,000 PSI depending upon the size 
of the wires used to fabricate the 
stranded conductor. This is a heat-treat- 
able alloy drawn to desired size and 
heat treated to develop its electrical and 
physical properties. 

Laboratory experimentation has ad- 
vanced to the point where it becomes 
necessary to have field evaluation. It 
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is a well known fact that laboratory 
aging and evaluation tests are good to 
a limited extent but cannot in all cases 
be correlated to field results. Such fac- 
tors as corrosion, fatigue endurance 
limits, and notch sensitivity can be 
evaluated only by field service. The 
above factors are not primarily impor- 
tant in triplex service drops, for ex- 
ample, since there is little danger of 
the conductor being nicked or sub- 
jected to severe stress. The same is 
also true of weatherproof conductor. 
The tensions will be relatively low and 
the conductor will be protected from 
contaminants by a weatherproof cover- 
ing. Field evaluation has begun on the 
alloy used as WP conductor or triplex 
neutral. Use of bare conductor is at 
present on an experimental basis only. 


One example of field evaluation of 
interest, but which from laboratory ex- 
amination could only be surmised, was 
noted during a recent installation in 
the East of bare 1/0 equivalent AAAC. 
Two of the three phase wires were 
pulled in over the cross arms using roll- 
ers and the conductor was kept off the 
ground by proper blocking over rocks, 
shrubs and tree stumps. The third 
phase was pulled in by dragging it over 
the cross arms and through brush and 
rocks. This third phase was examined 
and it was noted that there were few 
scratch or score marks such as are or- 
dinarily found on E.C. when it is sub- 
jected to this mistreatment. It is noted 
that the Brinell hardness of the mate- 
rial is about 85. An average value for 
E.C. aluminum is about 45 and that of 
hard drawn copper about 95. This in- 
dicates that one of the common com- 
plaints about E.C., namely, the ease 
with which the conductor is scratched, 
will be minimized by the use of alloy 
conductor. 

Another interesting fact is that this 
is a heat-treatable alloy. As such, when 
subjected to a current overload result- 
ing in a high conductor temperature, 
the alloy will not suffer loss in strength 
to the same degree as does E.C. Strain 
hardened E.C. metal, once heated to a 
high temperature, suffers a loss of 
strength. This is cumulative. Each time 
the conductor is overheated it suffers 
an additional loss of strength. The heat 
treating temperature of this alloy is 
much higher than ordinarily encoun- 
tered in service, and as a result, it suf- 
fers slight reduction in strength until the 
heat treating temperature is exceeded. 








; 


Notch sensitivity is a term that 
dinarily used to express the relation be 
tween stress concentration at a nick in 
the wire and the resulting wire failure. 
Since the material is harder, it is more 
resistant to notching. The factor of 
stress concentration, once a 
notched, is not affected by 
ness of the alloy. 
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wire is 
the hard- 























Another important property of an 
alloy is its endurance limit. It is a well 
known fact that endurance limit is de 
pendent upon the maximum tension to 
which the conductor is subjected in re 
petitive cycles. The accepted limit for 
E.C. Conductor is 7000 to 8000 PSI for 
500 million cycles. For this alloy, the 
endurance limit determined in the same 
way is 12,000 to 13,000 PSI. 




































































Current Carrying Capacity 








One useful formula for current car- 
rying capacity ts: 




















I V7 < 104 (We + We) D 
Rac 

















The terms WR and WC are respec- 
tively heat loss quantities due to radi- 
tion and convection. They depend on 
pressure and temperature, but not on 
the basic metal involved. WR also in- 
cludes an emissivity factor which is 
more dependent on the surface condi 
tion of the conductor than the type of 
conductor metal. 





















































Design of the alloy conductor is 
based on the d-c resistance of E.C. alu 
minum at 20°C. This is the same basis 
as used for ACSR conductor. On this 
basis, since the alloy has been shown 
to have the same composite conductiv- 
ity of ACSR (approximately 52.3%), 
the diameters are, for all practical con- 
siderations, the same. For example, see 


Table II. 


Since the diameter of ACSR and its 
equivalent AAAC are the same, the only 
factor which can vary the current car- 
rying capacity of the conductor is the 
a-c resistance at the operating temper- 
ature. 































































































The a-c resistance of conductor is 
dependent upon the d-c temperature 
coefficient of resistance, iron losses, and 
skin effect. In ACSR, all three factors 
are present while in AAAC the iron 
losses are absent. Therefore, the alloy 
has a lower a-c resistance than ACSR. 
Since current carrying capacity is in 






















































SIZE 


No. 6—6/1 ACSR (TURKEY) 
No. 6 Equivalent Alloy (AKRON) 


No. 4/0—6/1 ACSR (PENGUIN) 
No. 4/0 Equivalent Alloy (ALLIANCE) 





OUTSIDE 

STRANDING DIAM. iM 

6/1 = 0.0661 0.198 

7 x 0.0657 0.197 

6/1 ~ 0.1878 0 563 

ie a 7 ~ 0.1884 0.565 
TABLE I 
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ON 


versely proportional to the square root 
of the a-c resistance at the operating 
temperature, the current carrying ca- 
pacity of alloy conductor is higher than 
that of ACSR. 


* 4 x 


During the electric industry’s rapid 
expansion, Kaiser Aluminum has con- 


——— 


centrated intensively on utility prob- 
lems—with special emphasis on cov- 
ered wire. 

Today, Kaiser Aluminum is the 
nation’s fastest growing producer of 
aluminum wire and cable, making 
available the latest helpful information 
on modern products and practices. 

A Kaiser Aluminum representative 


or a KW distributor will be glad to 
give you immediate attention. Call your 
Kaiser Aluminum sales office. Kaiser 
Aluminum & Chemical Sales, Inc., Ex- 
ecutive Office, Kaiser Bldg., Oakland 
12, California; General Sales Office, 
Palmolive Bldg., Chicago 11, Illinois. 
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Ec 
Equiv 
Size 


Code 


Word CM 


Akron 
Athens 
Aiton 
Austin 


30,210 
38,130 
48,110 
60,670 


Ames 
Astoria 
Azusa 


76,440 
96,480 
121,400 
Anaheim 


Amherst 
Alliance 


156,200 
197,100 
248,500 


Turke 
Thrus 
Swan 
Swaliow 


26,240 

33,090 
41,740 
52,620 


Sparrow 
Robin 
Raven 


66,360 
83,690 
105,600 


Quail 
Pigeon 
Penguin 


133,100 
167,800 
211,600 


EC 
Equiv. 
Size 


Code 
Word 


Akron 
Athens 
Alton 
Austin 


Ames 
Astoria 
Azusa 


Anaheim 
Amherst 
Alliance 


Turke 
Thrus 
Swan 
Swallow 


Sparrow 
Robin 
Raven 


Quail 
Pigeon 
Penguin 





BARE AAAC (ALL ALUMINUM ALLOY) 


AREA 


Sq. In 


0.0237 
0.0299 
0.0378 
0.0477 


0 
0 


0.0600 
0.0758 
0.0953 


0.1227 
0.1548 
0.1952 


0 
0 
0 


~~~ ~~wN ~~~ 


0.0206 1 
0.0260 1 
0.0328 1 
0.0413 1 


0 


0.0521 6 0 
0.0657 0 
0.0829 0 


0.1045 0 
0.1318 0 
0.1662 0 


Strand 


0.0657 
0.0738 
0.0829 
0.0931 


1045 
1174 


0.1317 


1494 
1678 
1884 


COMPARATIVE DATA ON ACSR FOR EASY REFERENCE 


Aluminum Area 


1661 


0.0743 
0.0834 
0.0937 


1052 
1182 
1327 


1490 
1672 
1878 


STRANDING 


Diameter, in - 
Conductor 


0.197 
0.221 
0.249 
0.279 


0.314 
0.352 
0.395 








BARE AAAC (ALL ALUMINUM ALLOY) 


RESISTANCE 
ohms/1000 ft 


Roc 20°C Rac 20°C 


0.6580 
0.5218 
0.4137 
0.3281 


0.6580 
0.5218 
0.4137 
0.3281 


0.2602 
0.2063 
0.1635 


0.2602 
0.2063 
0.1635 


0.1297 
0.1029 
0.0816 


0.1298 
0.1030 
0.0817 


0.6580 
0.5218 
0.4137 
0.3281 


0.2602 
0.2063 
0.1635 


0.1297 
0.1029 
0.0816 


0.6580 
0.5218 
0.4137 
0.3281 


0.2602 
0.2063 
0.1635 


Inductive 
Reactance 
ohms/1000 ft. 
at one foot 
Spacing 60 CPS 


0.0988 
0.0962 
0.0935 


COMPARATIVE DATA ON ACSR FOR EASY REFERENCE 


0.122 
0.119 


WEIGHT—-Lbs. 
Per 
1000 Ft. 


Veawr 
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Kaiser Aluminum 


iF IT CARRIES CURRENT, Ke CARRIES IT! 
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(Continued from page 60A) 


New Products 


Computer. The Model GEO-450 equa 
meter is a manually operated computing 
device which performs harmonic analyses 
ind curve fittings on plotted or recorded 
curves, This instrument is capable of an 
alyzing a curve in terms of Fourier series, 
power series, or orthogonal polynomials 
(least square fits). It will also produce the 
derivative. or integral equations ota given 
curve, These equations are obtained di 
rectly from readings taken from the Equa 
meter and recorded on specially designed 


data sheets. An outstanding teature ot this 


Fquameter is that any of these equations 
can be obtained quickly and easily by an 
engineering aide with little or no mathe 
matical background, This feature, coupled 
with its low cost makes it a practical in 
strument for many individuals and small 
laboratories, as well as larger installations 
The Equameter is manutactured by The 
Gerber Scientific 
162 State St., 


Instrument 
Hartford 3, Conn 


Company, 


Single Pole Voltage Tester. The Tip Tester 
tests a-c or d-c voltage from 6 to 250 volts 
On de the Tip 

It clips in the 


as a single pole tester 

lester indicates polarity 
pocket like a pen with no dangling wires 
This German import has many uses which 
include location of a-c and d-c positive on 


negative leads, checking outlets, switches, 
fuses, telephones, electric motors, and ap 
pliances. It is also used for determining 
leakages in high voltage conductors. The 
distributor of Tip Tester is Rick Ine., 
2210 Hampton Rd., Erie, Pa 


Miniature Recording Potentiometer. This 
new recording potentiometer leatures 2 
pens, both writing Margin to margin on a 
single 5-inch strip chart, producing two 
continuous records in a smaller space than 
that previously required for two 3-inch re 
corders and with better accuracy, For tur 

ther information contact Westronics, Ine 


$605 MecCart St Fort Worth, Tex 


(Continued on page 75 1) 
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“NIX! 


We've tried that 


contact material before!" 


common error in CONTACT SELECTION 


7 


~e 


y 
> 
> 
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Frequently, in recommending contacts, Stackpole meets 
the objection: “We've tried that grade before. It’s no 
good for our equipment!” 

Experience proves that such conclusions should not 
be reached too quickly. Certainly they should not be 
based on tests of only one or two contact grades 

For instance, an electrical equipment manufacturer 
rejected a silver-tungsten grade (made by another con- 
tact producer) because of its high contact resistance. 
Because of this, he ruled silver-tungsten contacts “out” 
of further consideration. 

After considerable persuasion, a Stackpole silver- 
tungsten grade was finally tested and proved eminently 
satisfactory. This grade, however, contained different 
proportions of silver and tungsten powders. Moreover, 
it was processed by much different methods. 

Other instances might be cited wherein prejudices 
against silver-graphite, silver-copper and other so-called 
“standard” materials were overcome by Stackpole 
Custom-Tailored contact grades. 

Actually, Stackpole’s chief contact facility is its 
proved ability to adapt standard materials to specific 
equipment. A relatively small percentage change in the 
metal powders used in a mix plus Stackpole’s unique 
processing methods may make a vital difference in 
contact performance. 


The moral then is simply this: If use of a certain 
contact material grade is indicated by reasons of econ- 
omy, potentially desirable characteristics, ease of as- 
sembly or whatnot, the failure of one such grade only 
points up the need for further custom engineering. 

And such failures usually provide the clues to 
Stackpole contact engineers as to what changes need 
to be made! 

Stackpole welcomes the opportunity to supply con- 
vincing proof of this to quantity contact users 


STACKPOLE CARBON CO., St. Marys, Pa, 


Custom-Engineered CONTACTS 


Hundreds of grades in SILVER-GRAPHITE © SILVER-LEAD OXIDE © SILVER- 

NICKEL © SILVER-MOLYBDENUM © SILVER-TUNGSTEN © COPPER GRAPHITE 

GOLD-GRAPHITE © SILVER-COPPER-GRAPHITE © SILVER-IRON OXIDE... 

ond other special material combinations mixed to exacting specificationg 
and processed from powders. 
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When 


TROUBLE 


Strikes 


ret- 11 


NATIONAL 


The two photos above show a typical example of copper 
growth which is a common cause of trouble in turbo gen- 
erator rotors. Note the displacement of the top turns of the 
held winding. NATIONAL uses silver-bearing, surface 
hardened copper to minimize copper growth because it has 


a higher strength at elevated temperatures and resists the 
{Oo » effect of heat cycling. The photo below shows coils being 
2 inserted in a turbo generator rotor at NATIONAL’'S 

Columbus Plant 


® fast rewinding service for minimum 


downtime 


® high quality repairs to minimize future 


trouble 


® redesign, where practical, to eliminate 


the cause of trouble 


NATIONAL FLECTRIC (OIL (COMPANY ‘~) 
COLUMBUS 16, OHIO, U.S. A. an. 


ELECTRICAL ENGINEERS: MAKERS OF ELECTRICAL COILS AND INSULATION— 
REDESIGNING AND REPAIRING or ROTATING ELECTRICAL MACHINES 
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surface barrier transistors from SPRAGUE 





2N344/SB101 
for Medium Gain 
Amplifiers 


Min. | Typ. | Max. 





hfe 11 | 23] 83 














30 | 45), — 


2N346/S88103 
for High Frequency 
Oscillators 


Min. | Typ. | Max. 





hfe 10 —-|— 














60; 90, — 


2N346/S88102 
for High Gain 
Amplifiers 


2N240/S886122 
for Computer 
Switching 
Min Mon 
Ne 16 


fmax 30 


a 
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IN VOLUME PRODUCTION Yiow/ 
ml 


For general high frequency applications, and for 
high speed computer switching circuits, design 
around Sprague surface barrier transistors. They 
are available now in production quantities from a 
completely new, scrupulously clean plant, built from 
the ground up especially to make high quality 
semi-conductor products. 


oe 
viet 


a 
, 
fAMSistos 


The four transistor types shown are the most popu- 
lar. Orders for these units are shipped promptly. 
What's more, surface barrier transistors are reason- 
ably priced. High quality and excellent electrical 
characteristics make them an economical solution 
to many difficult circuit requirements. 


Sprague surface barrier transistors are fully li- 
censed under Philco patents. All Sprague and Philco 
transistors having the same type number are manu- 
factured to the same specifications and are fully 
interchangeable. You have two sources of supply 
when you use surface barrier transistors! 


WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN Wricr 
YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 
SECTION, SPRAGUE ELECTRIC CO., 321 MARSHALL ST., NORTH ADAMS, MASS. 


end | 


TRANSISTORS + RESISTORS + MAGNETIC COMPONENTS 
CAPACITORS + INTERFERENCE FILTERS + PULSE NETWORKS 


S| RAGUE 


the trademark of reliability 


HIGH TEMPERATURE MAGNET WIRE «+ PRINTED CIRCUITS 
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KEEP-UP-TO-DATE ON MAGNETICS 


Now you can use molybdenum permalloy powder cores 
in miniaturized circuits 


exclusive feature—color-coding. Color-coding tells your as- 


When your engineering neighbor talks about “Cheerios” 
these days, he’s apt to be discussing a new breakfast cereal 
sized molybdenum permalloy powder core which has found 
a happy niche as a miniaturized filter component Guided 
missiles, which are filling the troposphere these days, typically 
use these little fellows in their amplifier circuits, Small (down 
to .300-in, ID), they are tough and easy to use. They also pro- 
vide a markedly high degree of stability with time, tempera- 


ture and magnetization, 


Made by Magnetics, Inc. (Performance-Guaranteed, of 
course) they provide the highest permeability and lowest core 
losses possible in use in filter, audio and carrier frequency 


circuits. We provide extras, too—you may specify our very 


JOA Please mention ELECTRICAL ENGINEERING when writing to advertisers 


semblers how many turns to put on your cores without the 


lost time and extra expense of special testing, 


Want more facts? There's a brand new bulletin (PC-103A), 
full of important information. It’s yours by writing 
Magnetics, Inc., Dept. E-35, Butler, Pennsylvania. 


Tf | a 
MAGNETICS inc. 


_ Bae 
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Field Engineering Instructor Joseph Rechloft 
explains basic display console functions at 
IBM, Kingston, N. Y. 


Associate Engineer Donald A. Patterson dem- 
onstrates a problem in pluggable unit layout. 





You'll find a 
new challenge 


DEVELOPING 


the world’s 
largest 


computers 
at 






Associate Engineer Robert M. Blake points out 
a feature of an advanced magnetic tape circuit 







development 



















The design and development 
of SAGE (Semi-Automatic Ground 


Environment ) computers, part 






Staff Engineer Michael S. Zucker and associ- 
ates plan electronic digital computer systems. 


of our nation’s radar defense system, 
offer stimulating new challenges to 
creative engineers at IBM Kingston. 
Projects currently in process include: 
Digital and analog systems. . . 
advanced circuitry . . . electronic 
packaging . . . communications 
engineering .. . Simulation studies .. . 


air traffic control . . . automation. 








If you are an electrical or Computer Student Stanley J. Ostrowski studies FOR DETAILS, 


mechanical engineer, a mathematician wave forms in the IBM Computer Engineering just write, outlining background 
School laboratory. 





and interests, to 
Mr. R. A. Whitehorne Dept. 109 
Mgr. of Engineering Recruitment 


or a physicist —and want to do 
development work—you owe it 

to yourself to investigate the exciting International Business Machines Corp. 
possibilities that SAGE computers 590 Madison Avenue, New York 22, N. Y. 
offer you at IBM Kingston, 












DATA PROCESSING 
ELECTRIC TYPEWRITERS 
MILITARY MILITARY PRODUCTS 
PRODUCTS SPECIAL ENGINEERING PRODUCTS 
SUPPLIES 


TIME EQUIPMENT 











Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif. 
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“We avoided costly 
service calls and saved 


our customers irritating 


shutdowns .. by equipping 
welders we sold with 


Fusetron Fuses”.... 
Prank Rorinek, owner 


SUN RAY ELECTRIC COMPANY 
CHICAGO, ILL. 
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SEPTEMBER 


\ Wr. Rorinek continues... 


“About a year ago my motor re- 
wind shop bought 62 welders for 
resale from a surplus dealer. 
“They were 300 ampere arc 
welders, with the A.C. motor di- 
rectly connected to a 300 ampere 
D.C. generator. The motor has a 
speed of 3500 R.P.M. and a name- 
plate rating of 56 amperes at 220 
volts. 


“The welders were equipped 
with 60 amp., 250 volt fuse clips. 
However, when we ran the welders 
in the shop, we found that ordinary 
60 amp. fuses would blow on the 
starting current of the motor. 


“We then tried 60 ampere Fuse- 
tron dual-element fuses. They 
proved to hold the starting current 
and to give the néeded protection 


to the motor and generator. 


“We are glad we had this exper- 
ience in our own shop and installed 
Fusetron fuses before selling the 
welders. Otherwise, we would have 
had a flock of costly unnecessary 
service calls and run the risk of 
losing customers. 


“As it happens, our customers 
are satisfied with the performance 
of the welders and we haven’t had 
a service call or complaint about 
needless fuse blows.”’ 


FUSETRON dual-element FUSES do more than eliminate needless blows. They give 
10 point protection not available with any other type of protective device. 


AND FUSETRON FUSES REMAIN SAFE THRU THE YEARS... 


... without maintenance and recalibration costs. 


Once properly installed, Fusetron fuses 
require no costly inspection time or 
maintenance necessary on mechanically 


operated devices. 


Dust, fumes, corrosion or age cannot 
prevent a Fusetron fuse from opening 
safely. There are no hinges, pivots or 
contacts to stick or slow down the opera- 


tion of the fuse on short-circuits. 


When a Fusetron fuse does open to 
protect, and after the fault has been cor- 
rected—the new Fusetron fuse you in- 
stall has been calibrated at the factory 
by engineers— it is a fuse as safe and de- 
pendable as the one that blew. 


DON'T RISK LOSSES! One needless 


shutdown . . . one lost motor... one destroyed 
switch or panel... one burned out solenoid 

may cost you far more than replacing every ordinary 
fuse with Fusetron dual-element fuses. Write for 


bulletin FIS 


For loads above 600 amps.—Use BUSS Hi- 
Cap Fuses te coordinate your electrical circuits. 


On 600 volts or less, BUSS Hi-Cap fuses have 
an interrupting capacity sufficient to handle any 
fault current regardless of system growth. 

They con be coordinated with Fusetron fuses on 


feeder and branch circuits to limit fault ovtages to 
circuits of origin. Write for bulletin HCS. 


Bussmann Mfg. Division 
McGraw-Edison Co 
University at Jefferson, St. Lovis 7, Mo. 


Play Safe! Install Fusetron dual-element fuses and 
BUSS Hi-Cap Fuses throughout entire Electrical System! 


Faull wOatnY mames im 
O1eCtaitas PROTECTION 


Ty 
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MECHANICAL ENGINEERS are using their skills in the de- ELECTRO-MECHANICAL ENGINEERS are constantly faced 
sign and development of new mechanisms required for business with the problems of capturing information from the various 
machines and for those mechanical products which are associ- input devices and converting this information into a usable form 
ated with electronic data processing equipment. for subsequent use in data-handling equipment. 





ELECTRONIC ENGINEERS enjoy an unparalleled freedom COMPUTER ENGINEERS backed by the company’s computer 
in the development of new types of circuitry and components research since 1938 are developing an economical, flexible digi- 
which are necessary to maintain leadership in the competitive tal computer to meet the requirements of all record-keeping 
field of record-keeping automation. applications. 


ENGINEERING UNLIMITED 


AT ONE OF THE WORLDS MOST SUCCESSFUL CORPORATIONS 


If you are looking for a challenging opportunity with an established 
company which has tripled its sales in ten years—one that offers excellent 


starting salaries as well as permanent positions .. . 
Act at once! Send resumé of your education and experience to Employ- 
ment Department, Technical Procurement Sec. J, The National Cash 


Register Company, Dayton 9, Ohio. 
THE NATIONAL CASH REGISTER COMPANY 
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(Continued from page 67A) 


TRADE LITERATURE 


Plastics Fabrication Booklet. L. A. Darling 
Company, Plastics Division, Coldwater, 
Michigan, fabricators of industrial plas 
tics of all types, offers a new presentation 
booklet and plastics material guide. This 
booklet features interesting graphic ex 
amples of plastic fabrication methods with 
illustrations of the types of products best 
suited to each method. An extensive chart, 
showing the characteristics of tough, rigid 
thermoplastics is also included. Copies 
available on request. 


Lamp Catalogue. A handy condensed 
catalog including contractor-dealer net 
prices has been issued by Steber Manu 
facturing Co., 2700 Roosevelt Rd., Broad 
view, Ill. This catalog, no. CTC-2, in 
cludes the company’s complete line of 
sealed beam lamp components, flood 
lights ranging in capacity from 100 to 
1500 watts, gymnasium lighting units, 
high bay lighting units, service station 
lighting equipment, and reflectors. Avail- 


able upon request to manufacturer, 


Voltage Control Manual, Square D Com 
pany has published a comprehensive 12 
page manual on low voltage control, the 
modern method of switching the lighting 
and appliance loads in residential, com 
mercial, and industrial installations. ‘The 
manual explains the flexibility, safety, and 
versatility of this economical system and 
points out its advantages over conven 
tional switching systems. Write Square D 
Company, 6060 Rivard St., Detroit 11, 
Mich. for free copy. 


Flow Meter Bulletin. This bulletin utilizes 
a novel and convenient means for aiding 
prospective users of Brooks Rotameter 
Company's flow meters in the selection of 
the appropriate meter for a specifi appli 
cation, A die-cut dise, eyeletted on the 
inside cover of the bulletin serves to 
indicate the pressure and temperature 
limitations of the company’s rotometers 
as well as their flow capacity ranges. ‘The 
indicated meter, in turn, is briefly des 
cribed on a facing page with references 
to further detailed literature The bul 
letin, entitled, “A Brief Guide to the 
Brooks Rotometer Line,” is available on 
request. Write for Bulletin //0 to the 
company, Lansdale, Pa 

Bulletin on X-Ray Inspecton. A bulletin 
reprint of an article from American Avia 
tion, tells how United Air Lines saves 
thousands of dollars through use of 
X-ray inspection techniques, is available 
from the Instruments Division, Philips 
Electronics, Inc., 750 South Fulton Ave., 
Mount Vernon, N. Y. IUllustrated with 
photographs, the bulletin discusses work 
with portable X-ray equipment on spar 
caps, stringers, rudders, fuel injection 
lines, door and window frames, tail struc 


tures, and fuel tanks. 


(Continued on page 82A) 





IMPROVE 
PRODUCT 


REDUCE 
COMPONENT 
COST 


INCREASE 
PROFIT 


WITH ELECTRICAL GRADE LAMICOR 


Class B performance at Class A cost 


Lamicor, fiber glass reinforced polyester resin 
laminates now makes available a superior 
insulating material at considerable savings 
Compared to all phenolic grades, LAMICOR 
offers the following advantages for product 
improvement 


Lamicor meets NEMA GPO-1 standards 
300% Greater moisture resistance 
430% Greater impact strength 
24% Greater flexural strength 
350% Greater heat resistance 
2400% Greater arc resistance 


50% Cost Savings are not unusual 


A complete source of supply 
for Lamicor sheets, channels, 
angles and tabricated parts. 


Write today for free samples, technical 
information and a solution to your 


particular problem 


STRICK PLASTICS 


PERKASIE, PENNA 


Basic Material Producers of Plastics and Laminates 


Custom Vacuum Forming—Specialists on 
Extra Large Forms 


Product Engineering and Development in Plastics 
and Laminates 


Composite Structures and Honeycomb Panels 
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international Rectifiers 


For all DC needs from microwatts to megawatts! 


SELENIUM 


SUB-MINIATUBE SELENIUM DIODES 


Developed for use in limited space at ambi 
BO'C to 
Encapsulated to resist adverse 


environmental conditions 


ent temperatures ranging from 
+ 100°C 
Output voltages 
from 20 to 160 volts; output currents of 100 
microamperes to 11 MA, Bulletin $0-18 


HIGH VOLTAGE CARTRIDGE RECTIFIERS 


a 


Designed for bong life and reliability in Half 
Wave, Voltage Doubler, Bridge 


Circuits, and 5-Phase Circuit Types, Phenolic 


Center-Tap 


Cartridge and Hermetically Sealed types 
available 
65°C to 


Operating temperature 
+ 100°C, Specity 


range 
Bulletin H-2 
TV AND 


RADIO RECTIFIERS 


The widest range in the industry! Designed 
for Kadio IV booster, UHF con 
verter and experimental applications, Input 
5 to 156 volts AC and up, Dt 
50 to 1,200 MA, Write for 
ition information, Bulletin E8-176-A 


Television 


ratings from 2 
output current 


applic 


INDUSTRIAL POWER RECTIFIERS 


For all 1X 
to kilowatt 


power needs from microwatts 


leature long life; compact, 


light weight and low initial cost, Katings 
to 250 KW 300 amperes and 
up, 6 volts to 30,000 volts and up, Efficiency 
to 87%. Power factor to 05 Bulletin C-349 


oF OO, 
° Pa 
é 


GERMANIUM 


This series of general purpose, high quality 
point contact diodes provide excellent 
rectification efficiency for very high fre- 
quency applications. Special “RED DOT” 
series available for ambient temperatures 
from - 


FERMANI 


Extremely low reverse ke akage values make 
this ideal for amplifier 
applications. These units utilize 10 amp 
26 to 66 AC input volts rms— 
are available in a wide range of circuit types 
and DC current ratings, Bulletin $R-148, 


series magnetic 


junctions 


PY) aelele a SERMANI 


~ 


Engineered for heavy power applications, 
these highly efficient forced air cooled units 
feature moisture and corrosion resistant 
housings series in each of 3 
150, 330 and 500 Amperes 
@ 6 to 66 volts nns. Request Bulletin GPR-2. 


A complete 
current ratings 


LIQUID COOLED GERMANIUM JUNCTIONS 
7% a 
} 


Liquid cooled for maximum power in mini- 


mum space, Junction rating: 670 amps at 
26 to 66 volts rms. Housed in high-conduc 

tivity copper cast around special steel coils 
Water, oil or other accepted coolants may 
For complete data, Bulletin GPR-2 


be used 


55° C to +100° C. Bulletin 58-140, 


SILICON 


Hundreds of types in three basic styles, for 
operating temperatures from —55°C to 
+ 150°C, Up to 800ma DC output current 
per junction over a voltage range of 50 to 
1,000 PIV. Hermetically sealed, For com- 
plete information on all types. Bulletin $R-A. 


SILICON CARTRI 


The answer to tough miniaturization 
problems! Ratings for high temperature 
applications: from 1000 volts PIV at 100ma 
half-wave DC output to 16,000 volts PIV 
at 45ma, Hermetically sealed, metallized 
ceramic housing. Request Bulletin $R-1398 


A POWER RECTIFIERS 


Specifically engineered for industrial appli- 
cations —the most conservatively rated sili- 
con rectifiers in the industry! Rugged all- 
welded construction and hermetic sealing 
mean greater reliability—longer life. Types 
available in 3 series. Request Bulletin $8-1438 


SILICON RECTIFIER STACKS 


These units consist of hermetically sealed 
junction diodes mounted on copper cooling 
fins, stacked to include the interconnections 
required for specific circuits, Junction 
ratings: 1.25 amps. DC output; 70 to 350 
AC input volts rms. Request Bulletin $8-137A., 


International Rectifier 
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SEALED HEAD KEEPS OUT 
OIL, COOLANT, METAL CHIPS 
... your guarantee of 
reliable limit switch operation! 


With completely sealed operating heads, as well as sealed switch bodies, 
Allen-Bradley Bulletin 802T oiltight limit switches provide maximum 
reliability in limit switch operation for your modern, high speed pro- 
duction machines. The sealed head excludes oil, dirt, and metal chips 
from the operating mechanism... the spring return, momentary con- 
tact operators cannot become sluggish and stick. 

The maintenance free, double break, silver alloy contacts are sealed 
in the oiltight body. Interchangeable operating heads are available 
with various push rods and levers which can be mounted in any one 
of four positions. Oiltight transparent plastic covers, for inspecting 
contacts and wiring without removing the cover, are available for 
most units. 

Here’s a line of quality limit switches in which each type will pro- 
vide millions of trouble free operations. Have your A-B control engi- 
neer acquaint you with this latest development—another advance in 
limit switch design. 


802TC Side Push 
Rod Type 


3 
f 


802TA Roller 
Lever Type 


802TAO Roller 
Lever Type for 
Cavity Mounting 


8O2TF Rod Type 


802TB Top Push Rod 
Type with Plastic 


802TG Adjustable 
Roller Lever Type 


ALLEN-BRADLEY 


MOTOR CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 















NOW)... « ALLEN-BRADLEY 
PRECISION-TYPE LIMIT SWITCHES 


sg ARE ALSO OILTIGHT 


Newly designed head on push type seals out oil. 


OILTIGHT HEAD Roller lever types have sealed operating shafts. 










Synthetic rubber gasket between housing and plate 


ze = 
OILTIGHT BODY excludes oil and coolant from operating mechanism. 


Allen-Bradley precision-type limit switches combine very close operat- 
ing tolerances with such a sturdy construction that they can be used for any 
industrial application. Now this line of limit switches has been further improved 

by making them completely oiltight. 

Especially designed for use where the motion to operate the limit switch is measured in 
thousandths of an inch, these Allen-Bradley limit switches can henceforth be employed in 
applications where oils, coolants, and dust are present. 

Allen-Bradley Bulletin 802 oiltight precision limit switches have a positive snap action 
mechanism which prevents any possibility of a “dead center” 
...no matter how slowly the actuating force is applied. 
They are available in both the spring return and maintained 
contact construction. And all have maintenance free, double 
break, silver alloy contacts, 

Specify these Allen-Bradley oiltight limit switches where 
“precision” operation is required and where dirt and oil 
could cause trouble. 



















Push rod type. Plas- Roller lever type Roller lever pre- 


tic cover, for inspec- limit switch with cision-type limit 
tion without remov- lever on right side. switch with roller 
ing cover, made for Also available with lever in front of tho 
most units. lever on left side. switch body. 


ALSO-—GENERAL PURPOSE 
LIMIT SWITCHES 





Bulletin 801 general purpose limit 
switches in standard or heavy duty 
ratings. Maintained or momentary con- 
tacts with slow or snap action. Silver 
alley contacts used throughout this line. 


9-57-MR 


0 to 100 KV at Frequencies of 20 Cycles 
to 50 Megacycles 


JENNINGS Model J1003 High Voltage Vacuum 
Tube Voltmeter is truly a versatile instrument 
with six direct reading linear voltage ranges to 
cover voltages of 0 to 100 kilovolts. It can 
accurately measure these voltages at 
frequencies from just above dc levels to 50 
megacycles. There are two separate high 
voltage input circuits so that positive or negative 
peaks may either be read separately 

or added together vectorially. 


Thus it can be used for single ended 
measurements of rf, audio and dc ripple 
voltages in radio or television transmitters, 
for measurements of high voltage 

pulses in radar and test equipment, 

and for measurements of magneto and 
ignition coil output. In these measure- 
ments one input circuit can be used 

to view a wave shape on an 

oscilloscope while the other indicates 

its peak value on the meter. 4 


The instrument can also be used for the 
vector addition of multiphase line-to-line voltages in 
either balanced or unbalanced circuits, as well as for 
volta i . 
ge readings on center tapped transformers Mn, 
and push-pull tank circuits. BASIC. 


Send for Catalog Literature 





2 ney SR BN 





Type JP325 HV € 

probe tor we ith —  QOYOYY UES snare vam avizen te" 

an o% scope ‘a , AX AJ nab poth dividers to be 
where the meter remov nstalled close to 
ndication not ne <¢ sit being measured 


equired 


JENNINGS RADIO MANUFACTURING CORPORATION - 970 McLAUGHLIN AVE. P.0. BOX 1278 - SAN JOSE 8, CALIFORNIA 
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ambient compensated breakers... 
Westinghouse 


Whenever circuit breakers are subject to wide ambient tem- 
perature variations to which associated conductors are not 
exposed, an ambient compensated type of breaker should be 
specified. This provides added insurance against current 
interruptions due to false high-temperature influences. ‘The 
net effect is to prevent the breaker from unnecessarily 
derating the conductors. 
Typical of the conditions under which ambient compen- 
sation may be required are .. . 
In panelboards or load centers where a large number of 
closely grouped breakers create high temperatures. 


Proximity of breaker installation to other equipment 
causing ambient variations to which the conductors 
are not exposed. 


Westinghouse has the only complete line of circuit breakers 
to meet every requirement. (1) ‘“Compensated for enclosure 
ambient,’ standard in Quicklag” breakers, (2) ‘‘Noncom- 
pensated for ambient re-rating,”’ standard in Types E through 
M, (3) “‘Ambient compensated,”’ by specification in ‘Types 
E through M. 

The engineering “know-how” which goes into the develop- 
ment of this reliable protective equipment is available to aid 
you in selection of the right type of breaker for your particular 
circuit conditions. Ask for Westinghouse Bulletin 7221 detail- 
ing technical information on the choice of circuit breakers. 


J-30277 


Get proper breaker protection 


under all ambient conditions. 





you CAN BE SURE...1F ITS ER 


, ows 
Westinghouse Sh 





Westinghouse Electric Corporation, Box 868. Pittsburgh 30, Pennsylvania 
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LE 


STEELBACK 
CONTACTS 


give yous prime. 
“gavamages- 


HIGH CONDUCTIVITY Gibson steel- 
back electrical contacts are made 
by individually bonding each sil- 
ver facing to its steel backing 
When steelback is welded to sup- 
port, the bond provides a highly 
conductive electrical and thermal 
path. 


PERMANENT BOND Excellent bond 
between silver and steel will not 
separate, No solder is in the bond 
Certainty of flawless bond elimi- 
nates possibility of high-resistance 
joint between facing and backing 


NO RUSTING Nickel plating on all 
surfaces of steel backing before at- 
taching silver facing assures free- 
dom from rust 


ECONOMY Nickel or monel can be 
used in place of steel as backing 
material to prevent costly rusting 
if backing is damaged, For stand- 
ard-size steelback quotations, sub- 
mit material desired, dimensions 
(shown below) and ordering quan- 
tity. Special sizes also available. 


[~R 


I | 








se a 
G ibsilo y 
ELECTRICAL CONTACTS 


Z 
Wlanuga did Ate Oy 


Gieson Ecectric COMPANY 


BOX 588, DELMONT, PA. 
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These publications are proposals 
for new standards or test codes, or 
revisions of present publications, 
which are in the formative stage. 
They are made available without 
cost, so that all interested individu- 
als may obtain them for study and 
comment, thus supplying practical 
experience in their use before sub- 
mission for adoption. 


1A General Principles for Rating 
of Electric Apparatus for 
Short-Time Intermittent or 
Varying Duty (9-41) 
Application Guide for Ground 
ing of Instrument Trans 
former Secondary Circuits 
and Cases (March 1951) 


Insulation Maintenance Guide 
for Large AC Rotating Ma- 
chinery (May 1954) 

Test Procedure for Evaluation 
of the Thermal Stability of 
Enamelled Wire (10-55) 

Induction Motor Letter Symbols 
(January 1956) 

Test Code for Metallic Recti- 
fiers (March 1956) 

Recommended Guide for Mak 
ing Dielectric Measurements 
in the Field (11-56) 

Guide for Maintenance of In 
sulating Oil (11-56) 

Test Procedure for Thermal 
Evaluation of Ventilated Dry 
Type Power and Distribution 
Transformers (11-56) 

Guide for Specification of Elec- 
tronic Voltmeters (4-55) 

Guide for Specification of Sig 
nal Sources (April 1955) 

Guide for Specification of Cath 
ode-Ray Instruments (April 
1955) 

Test Code for Power Factor 
Testing of Power Trans- 
formers (January 1955) 

Test Code for Power Factor 
Testing of Distribution Trans 
formers (October 1955) 

Test Procedure for Evaluation 
of Systems of Insulating Ma 
terials for Electric Machinery 
Employing Form-Wound Pre- 
Insulated Coils (10-56) 

Test Code for Direct-Current 
Carbon-Pile Voltage Regu- 
lators for Aircraft (4-55) 

Application Guides for: Ground- 
Fault Neutralizers; Ground. 
ing of Synchronous Generator 
Systems; and Neutral Ground- 
ing of Transmission Systems 
(10-54) 

Guide for Evaluating the Effect 
of Solar Radiation on Out 
door Metal-Clad Switch-gear 
(October 1955) 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street, N. Y. 18 
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Trade Literature 


Pulse Calibrator Brochure. The Type /810 
pulse calibrator, an instrument designed 
for accurate measurement of current and 
voltage pulse amplitudes, pulse durations 
and rise time, is now fully described in a 


technical brochure published — recently 
Free copies of this brochure are available 
upon request to Burroughs Corporation, 
Klectronic Instruments Division, 1209 Vine 


St., Philadelphia, Pa, 


Revised Socket Screws, Plugs, Pins Manual. 
\ 52-page revision of the basic Unbrako 
catalog of Standard Pressed Steel Co. re 
iews, in detail, the complete line of 
standard socket screw products, pressure 
plugs, and dowel pins manufactured by 
the firm, Major product lines reviewed are 
heat-treated alloy-steel and stainless-steel! 
socket-head cap and set screws. Screws 
0 diameter 
microsize set screw 1/16 inch long to the 


range in size from the No 


giant-size cap screw 3 inches in diametes 
and 12 inches long. For copies of the 
catalog write to A. W. Scott, Advertising 
Dept., Box 762, Standard Pressed Steel Co 
Jenkintown, Pa, 


Reduction. What 
looks like a simple solution to the plaguing 


Noise and Vibration 
problems of industrial din and vibration 
has been announced by Vibration Mount 
ings, Inc. (VM) 


pany its 


According to the com 


newly developed shear-flex 
mounting pads effectively reduce the noise 


and isolate the vibration transmitted from 


all types of industrial machinery, office 
Shear 
. Inch thick 
oil-resistant Neoprene sheet with a cross 


and air-conditioning equipment 


flex is an 18 inch square by 


ribbed structure that offers excellent de 
flection throughout the full load range of 
» to 70 pounds per square inch The 
alternately raised ribs provide skid-proof 
surfaces, Installation is extremely simple 
and shear-flex can be cut to size with a 
SCISSOTS Of kote and placed under the 


I here 


cementing 


legs or bearing plate of equipment 
i no need tor bolting or 
Sample swatch, vibration engineering data 
book, and prices are available from Vibra 
tion Mountings, Ine 98-17 50th Ave 


Corona 68, L.I., N.Y. 
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The Microwave Radio system 
that Grows. éz | as YOU Crow. / 


id = eae ; 


RCA Microwave 
with future needs in mind. 


tadio Systems are designed 
They do not face 
obsolescence because of users’ growth. High 
channel capacity permits orderly growth up 
total 120 channels for data 
transmission, control and other 


to a voice, 
supervisory 
purposes. 

RCA was one of the earliest pioneers in the 
development of microwave for commercial 
communications. RCA Microwave 
Systems provide users throughout the world 
with many important features . . 


Today, 


. operation 


RCA 


answer any questions and help plan your in- 


Microwave specialists will be glad to 


stallation. Mail coupon for further particulars. 


RADIO CORPORATION 
of AMERICA 


COMMUNICATIONS PRODUCTS 
Camden, N.J. 
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EXPANDABLE 


RCA MICROWAVE 


in the most advantageous frequency bands, 
simplified installation and minimum main- 


tenance cost. 


Serving their users with dependability and 
RCA Microwave 


operated by utilities, g 


precision, Systems are now 
as and petroleum pipe- 
lines, and 


cross country turnpikes, govern- 


ment agencies. 


More 


Microwave 


than a million channel miles of RCA 
service 


world. 


Systems in . perform- 


ance proved throughout the 


SPECIAL NOTE TO RCA CUSTOMERS: 


Ask about the RCA “Package Expansion Plan” which 
confirms your wise choice of RCA CW-20 ofr MM-26 
Microwave for your communications system A minor 
field modification will bring your system up to 48, 72 or 
even 96 channel capacity, 


depending on your re 


vised requirements 


Radio Corporation of America 
Communications Products 


Dept. X-42, Building 15-1, Camden, N. J 


Tell me more about RCA "Package Expansion Plan.” 
We have RCA 


Send latest literature on RCA Microwave Radio 


for use in 


Microwave 


Have representative contact me 








5 
Demognetizing Force| j Answer: No. Even though there is an 


| as-sintered tolerance of + 1.5%, an In- 
dox magnet may be compared with an 
| air-core solenoid, and variations of the 
| | , air gap length have little influence on the 
usable flux. Only the O.D. should be 
j ground which is an inexpensive operation 
on centerless grinders. 


Question: How will a permanent magnet 
motor compare with shunt or series 
wound motors? 





Answer: In general, a permanent magnet 
motor will have characteristics falling 
‘ - between shunt and series wound motors. 
| | | Although it will not duplicate the entire 
2600 2600 7400 7200 7000 ia00 1600 1400 1700 “O00 0000S speed torque curve for either, it can dupli- 


cate characteristics over a specified range. 
Composite of demagnetization curves showing that for Alnico V, upper, and Indox I, " <i eee 
lower. Operation in the third quadrant is produced when a demagnetizing force, Question: Meh are the snag advan 
stronger than the magnet, forces flux in a direction opposite normal operation, provid- tages of su stituting a magnets 
ing negative magnetic induction. Indox magnetic flux returns to full value when for wound fields in motors’ 
this force is removed, 











Answer: The advantages are: Higher 


. e efficiency, cooler operation, less use of 
Why Ceramic Magnet Fields Are _ «iiticst macriat such as copper ana, pos- 
sibly, simplification and cost reduction. 


Now Practical for D. C. Motors Question: I[s there a possibility of using 


j a.c. motors? 
G. R. Hennig, Senior Design Engineer, The Indiana Steel Products Com- Indox in a.c wien 


pany, explains in this interview why Indox ceramic magnets are now Answer: Yes. In addition to various syn- 


practical for d.c. motors ranging from fractional to multiple horsepower. chronous timer motors, d.c. motors with 


Indox magnets can be used with the new, 
efficient power-rectifiers (silicon or oth- 
ers). The advantages over normal d.c. 
motors are higher starting torque and 
better speed regulation. 


Question: Whiy is the use of Alnico mag Question: How does Indox V compare 
nets limited to rather small motors, such with Indox I and Alnico V, and where 
as toy motors? Why are only some very does this material find application? 
speci: arger motors equipped with per 
ee “*y esos wine Bese - the suena Answer: [ndox V is the strongest ceramic 
time? magnet material available today. Per Question: How is the speed controlled 
unit of volume it provides more usable in permanent magnet motors? 
: : ; ; : energy in motors than Alnico V_ does, 

Amswen The price per unk of vsatte Flat pieces with at least 2 sq. in. area are Answer: Normally, by varying the arma- 
preferable for production. This means ture voltage, but also by using a magnetic 
that Indox V is suitable for motors with shunt, by moving the armature axially 
about 1/25 hp and more, and not for out of the permanent magnet field, by 
the tinv tov motors rotating the brushes, or by an auxiliary 
field winding. 


magnetic energy dictates the size limit. 
Alnico contains very expensive raw ma 
terials. For small magnets weighing a 
fraction of an ounce, this is not too sig 


nificant. Labor cost, however, the other 


main factor in any calculation, is a size Question: What are the size limitations 
able item in small units. This is not true for Indox I and Indox V motors? 





when larger Alnico magnets are required 

With Indox the opposite is true. Its raw Answer: [ndox I is suitable for motors 

materials are cheaper than copper, and it from the smallest possible size to about 
1% " > . 

appears that the larger the motor—within hp. Indox V can be applied in much 

a certain limit—the more economically larger motors, possibly in the range up 


the material can be applied to 10 hp, or higher. The same applies for . 
PI generators Question: Can a permanent magnet sta- 


; ; tor compete with an equal electromag- 
Question: How can Indox I, with only /% Question: Can any d.c. motor be con- netic stator in size or total volume? 


the energy product (BH max), of Alnico verted to a permanent magnet-field motor? ‘ 

V, be recommended for motor usage Answer: Yes, with the materials we have 
where a high field energy is required? Answer: Yes, most motors can be con- today it can. There is only one excep 
verted with very little design change. tion: Where wound fields are operated 
Others may require a considerable change with high, short-time overloads 


in structure and layout of the armature. , ‘ . 
good criterion of quality for static condi A complete reprint of Mr. Hennig’s pa- 


tions, such as in the magnet systems of Question: Is there a problem of meeting per, “Applying Ceramic Permanent Mag- 
moving-coil instruments or loudspeakers air gap tolerances with Indox I ring or nets to Motor Design” appears in the 
In motors, generators, and many other segment stators, unless bore grinding is July-September Applied Magnetics. Write 
applications where the magnet is subject applied? today for your copy. Dept. T-9. 

to strong demagnetizing forces, maximum 











Answer: Maximum energy product is a 





energy product is not an important con 
sideration, One must consider the incre 


mental permeability, even in the third THE INDIANA STEEL PRODUCTS COMPANY IN DIANA 


quadrant of the hysteresis loop. The result VALPARAISO, INDIANA 

is, that under the most extreme cond 

tions, Indox | has a maximum caianan P 3 RMA N ENT 
ergy of 17.4 in.-lb. per pound while Alnico THE WORLD'S LARGEST MANUFACTURER 

V has only 13.7 in,-Ib. per pound, Under OF PERMANENT MAGNETS MAG N ETS 


conditions as found in motors, the usable 


energy of Indox | is about 2 instead of Ys 








of the usable energy of Alnico V. In Canada... The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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standardized saturable reactors 





If you're a design engineer who would be delighted with 
industrial components which are sensitive and, under 
normal operation, last virtually forever with no main 
tenance or servicing, then you'll welcome ContTRoL’s 


standard lines of saturable reactors 


With Contror reactor assemblies and magnetic amplifiers 
you know complete physical and operating characteristics 

a copy of our Catalog R-10 awaits your request. And 
delivery is fast because sub-assemblies of these units are 


stocked, awaiting your control-winding specifications 


ContTROL reactors are available for both 120- and 240-volt 
60-cycle operation. There are eleven standard sizes in each 
voltage range. They have extremely high gain. Six ampere 
turns control nearly 2,000 watts in the largest size. Power 


9 


outputs range from 50 to 2000 watts, with only 2 ampere 


turns required for control of the smallest units 


In addition to higher gain, smaller exciting current, and 
fewer ampere-turn characteristics, CONTROL reactors have 
a 40 to | cut-off ratio. They are totally enclosed so that 
the high performance toroidal cores used are protected, 
and the entire assembly has the ruggedness required 
for long life 


ConTROL offers the same convenience of standardization 
in use of high permeability magnetic devices that you've 
enjoyed with other components, Add to this convenience 
ruggedness and freedom from maintenance which is un- 
matched, and you'll welcome Conrro. to your design 
picture, Write for complete details and literature today. 
CONTROL, Deptt N-37,Butler, Pennsylvania 


Reliability begins with 


$A ite ie 


A DIVISION OF MAGNETICS INC 


— 
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ROA 


Typical Users of 


Newport News Equipment 


PLANT 
Boone 
Buchanan 
Caonillas 
Chief Joseph 
Clark Hill 
Deer Lake 
Folsom 

Fort Patrick Henry 
Hiwassee 
Hoover 

JH. Kerr 

Jim Woodruff 
Lower Salmon 
Norris 

Rock Creek 
Santee-Cooper 
C. J. Strike 
Whitney 
Wilson 


LOCATION 
Tennessee 
Texas 

Puerto Rico 
Washington 
South Carolina 
Newfoundland 
California 
Tennessee 
Tennessee 
Nevada 
Virginia 
Florida 

Idaho 
Tennessee 
California 
South Carolina 
Idaho 

Texas 


Alabama 


nition ELECTRICAI 
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General view of dam at Grand Coulee, built by the Bureau 
of Reclamation, which utilizes 18 Newport News turbines, 
the most powerful ever built. Nine are 150,000 h.p. units, and 
the other nine are rated at 165,000 h.p. each. 


in building 
Water Power Equipment 


Turbines designed and built for the world’s largest 
development at Grand Coulee...and for other 
hydroelectric installations in America and various parts 
of the world... bespeak the skill and facilities 
offered by Newport News. 

This trained organization has filled hydroelectric 
turbine contracts with an aggregate rated output 


of 7,000,000 horsepower. 


Other equipment designed and built by Newport News 
includes penstocks, pressure regulators, valves, pumps, 
gates and rack rakes. Upon request, a copy of our 
illustrated booklet entitled “WATER POWER 
EQUIPMENT” will be sent to you. 


Newport News 
SHIPBUILDING AND DRY DOCK COMPANY 


Newport News, Virginia 
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The first cost of 


dry-type transformers 
is not always the total final cost 











Because Some dry-type transformers cost more to 
install than others. ; 





But SORGEL air-cooled dry-type transformers cost less to in- 
stall because they are all self-contained in a single unit either 
single phase or 3-phase — equipped with substantial wall brackets 
with slots for bolts, or with floor mounting base. No separate brack- 
ets to make or buy. Easily accessible, roomy connection compart- 
ment, with wide choice of knockouts. Equipped with solderless 
terminals and permanent connection diagram. 






Because Some must be installed in locations that 


' 15 to 50 Kva 3-phase. Wall mounting 
require longer feeders and more expensive wiring. 


Connection compartment panel removed 





But SORGEL transformers are so quiet in operation that they 
can be installed in almost any convenient place inside of buildings, 















close to the load center. This results in shorter feeders, better volt- 


age regulation, more efficient distribution, and lower 





wiring cost. 





Because Some re quire a larger rating for a certain 


load. 





But SORGEL transformers do not require a larger rating than 
the load, because they are guaranteed to carry their full rated load 
continuously at high efficiency. They are so liberally designed 





that they can carry an overload during an emergency at a safe 
operating temperature. Vacuum impregnated windings brazed to 
solderless terminals assure years of trouble-free service 





20 to 75 Kva single phase 


Connection compartment panel removed. 


Wall mounting 







Stock carried by jobbers in 
the following cities: 


New York, N.Y. Chicago, It Complete Line 





SORGEL 


TRANSFORMERS 











Ff . P Buffalo, N. Y Rock Island, til %, Kva to 2500 Kva single phase 
Sa es engineers in oa ng en per 1 Kva to 3000 Kva 3-phase, 2 phase, and 
principal cities. Seteteh, 6. ¢ pr ag hg a phase changing 
Philadelphio, Po Bavensent, lows All standard voltages, such as 120, 208, 
Consult the classified section of Clacianeti, Obie Omehe, Neb 240, 480, 600, 2400, 4160, 4800, 7200, 
your telephone directory or com- Cleveland, Ohio Beaumont, Texas 13,200, and up to 15,000 volts, and any 
municate with our factory. Louisville, Ky Los Angeles, Calif. intermediate or special lower voltage 


SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wisconsin 


40 years’ experience in the development, manufacturing and application of transformers 
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Major breakthrough in electrical design 


For smaller Class B equipment... 


Johns-Manville’s new Type 71 Quinterra insulation combines the lasting 


New J-M Type 71 Quinterra’” 
Epoxy-treated to double dielectric strength 


Johns-Manville now opens up a new 
era in electrical design, with Type 71 
Quinterra—the epoxy and asbestos 
insulation that breaks through today’s 
limitations on ratings and size—offers 
untold new possibilities in compact 
class B equipment. 
Offers 5 major improvements 

1. High Epoxy Content (approx. 45% 
to 50%) provides the optimum elec 
trical benefits of these high-dielectric 
resins and asbestos. This mechanically 
and electrically strong insulation com- 
bines the lasting inherent dielectric 
strength of the Quinterra base sheet 
with the excellent electrical properties 
of epoxy varnish 


2. Over 700 Volts/Mil is the tested 
and proved dielectric strength of 
Johns-Manville’s new Type 71 Quin- 
terra insulation. This exceptionally 
high characteristic offers brand-new 
opportunities in increased power from 
smaller frames—with less metal. 


3. Continuous Operation to 175C 
with no reduction of properties brings 
Quinterra Type 71 well above the 
standard class B limit of 130C. At 
175C, this new insulation exhibits a 
dielectric strength well above its 700 
volt per mil minimum. 


4. Moisture Absorption Less than 
2%. Quinterra Type 71 resists humid- 
ity conditions that would break down 


dielectric strength of the purified asbestos base sheet and epoxy varnish. 


other insulations. Even at high relative 
humidities, this new insulation exhib- 
its unusually high dielectric strength! 


5. Improved handling characteristics 
make Type 71 Quinterra ideal for 
today’s assembly techniques. Its flexi- 
bility lets it adapt to the reduced 
radii of smaller equipment. 





Also new Type 72 Quinterra 
for less rigid requirements 
Type 72 Quinterra (approx. 
20 %-30 % epoxy content) offers 
high dielectric strength at con- 

siderable savings. 











FOR a complete specification sheet and samples of the new epoxy-treated Quinterra, 
write Johns-Manville, Box 14, New York 16, N.Y. In Canada, Port Credit, Ontario. 


¥J| Johns-Manville ELECTRICAL INSULATIONS 


BBA 
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Announcing: NEW Westinghouse 
14- and 93-inch modular units 


for additional versatility 


Complete Interchangeability Plus New Safety 
Features Mark Industry’s Newest Control Center 


The clean, efficient design of this new unit is the answer to 
today’s—and tomorrow’s—needs for complete flexibility in 
control center installations. Not only do you get the additional 
versatility of the new 9!4-inch units, but also complete inter- 
changeability with the old. 

New safety features protect both personnel and equipment 
fully. Just as important as the dividends in installation, mainte- 
nance and safety are the moneysaving advantages of dealing 
with one source with complete responsibility for all your 
control center needs. 

To learn more about the newest control center in the industry, 
call your Westinghouse sales engineer. Or, write Westinghouse 
Electric Corporation, 3 Gateway Center, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. }-22043-A 


you caw Be SURE...1F ITs ESR 


Westinghouse ws 
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Do you worry about plant expansion wiring costs 


WHILE YOU'RE WAITING FOR A TRAIN? 


If you're worrying about the costs of a 
new power distribution system — either 
in your present building or in that new 
plant you're planning — here's one way 
you can cut down on the worrying. Just 
specify Rockbestos A.V.C. (asbestos, var- 
nished cambric insulated*) Interlocked 
Armored Cable. It will not only assure you 
of dependable service but will help you 
cut costs several ways. Here's how 

¢ Rockbestos A.V.C. interlocked Armored 


Cable eliminates the need for costly 


*Single conductors are N.E.C. type AVA 


ROCKBESTOS 


conduits or ducts — it's easily installed 
on racks or hangers. 
¢ Less layout time — less installation time 
mean important dollar savings. 
¢ It permits planning for future installa- 
tions — again at minimum cost. 
Add to these direct cost-cutting ad- 
vantages the long range economy of using 


a cable that gives you high current carry- 


ing capacity, that keeps maintenance at 
an absolute minimum and you can see the 
big savings possible when you specify and 
use Rockbestos A.V.C. Interlocked Ar- 
mored Cable. 

Get full details on 
Rockbestos A.V.C. Interlocked Armored 


Cable — write now for complete speci- 


dollar saving 


fication and application data. 


ROCKBESTOS PRODUCTS CORPORATION 


NEW HAVEN 4, 
CONNECTICUT 





For New Buildings, Expanding Existing Circuits, Relocating Old Circuits 


LLLCTRK 


1, ENGINEERING wh writin 


to advertisers 


NEW YORK, CLEVELAND, CHICAGO, PITTSBURGH, LOS ANGELES, 
DETROIT, 


LOUIS, ATLANTA, DALLAS, OAKLAND, SEATTLE 


A. V. C. 
interlocked 
Armored Cable 
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Mister, you're looking at a panelboard 
that's really built for Heavy Duty! 





The heart of this QMB Saflex 
Distribution Panelboard is the 
quick-make, quick-break, horse- 
power rated switch unit. 

It's loaded with features ~— 


@ Each switch unit 
individually enclosed 
in heavy gauge steel 


® Dead front construction 


@ Heavy duty 
cast operating handle 


®@ Double-spring mechanism 
insures positive opening 
under full load 


@ Visible blades 
for maximum safety 


© Positive pressure fuse clips 
and switch jaws 
assure 
maintenance-free connections 


@ Cover interlock 
prevents unauthorized access 
but makes 
normal maintenance easier 


QMB Saflex Distribution Panelboard peice one iicatti 


Address: Square D Company, 
Here’s a panelboard that’s built for the tough jobs! But it 6060 Rivard Street, 


goes a lot further than rugged construction. It's designed Detroit 11, Michigan 
with plenty of space for easier wiring and maintenance. 


NOW...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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NEW High-Frequency X-Y" Oscilloscope 
| for CURVE- TRACING Applications 


’ 5 a i AD de SO Tigra: - 
mn 


ae Dn . 
anil! | 
qo" UY Now you can apply 
ow familiar techniques to today’s 
high-frequency problems 


Identical wide-band horizontal and vertical deflection systems 
in the new Tektronix Type 536 Oscilloscope open the way to ac- 
curate measurements and observations far beyond the previous 
limits, especially in curve-tracing applications. Any of the eight 
available Type 53/54 Plug-In Preamplifiers can be used in both 
deflection systems, making this instrument useful over an ex- 
tremely wide range of applications For instance, lype 54/54G 
Units with differential input eliminate the need for a common 
X Y terminal...a necessary condition for accuracy in many cases. 

Uniform phase-shift characteristics of the main amplifiers and 
Type 54/54 Plug-In Preamplifiers assure negligible phase dif- 
ference between the horizontal and vertical systems. With Type 
54/54G Units the relative phase difference is less than one de- 
gree from de to 15 me, and phase balance can be obtained at any 
one frequency to above 25 mc. Although the 3db loss point 
occurs at 10 me, five divisions of deflection can be obtained at 
20 me without overdriving the input amplifiers. 

The Type 546 is also an excellent general-purpose laboratory 
oscilloscope, A new plug-in time-base generator, as ype 53/54T, 
provides the horizontal deflection system with a wide range of 


sweep rates and extremely versatile triggering facilities, 











— 


Ferrite bead characteristics 
at two different tempera 
tures. These B-H curves were 
plotted on the Type 536 Os 
cilloscope with wide band 
ditferential plug-in units 
Driving frequency was 1 
megacycle! This is but one 5 B. Hot (equilibri 
of the many unique uses for um temperature 


elf 
this instrument ’ 








Kia 





TYPE 536 CHARACTERISTICS 


VERTICAL and HORIZONTAL DEFLEC- Magnifier > x, accurate at all sweep 
TION SYSTEMS, with Type 5 54G ites 


\ ' plugged P e rom paternal 


rf manual stabil 
gh-frequency sync 
4 ipled to maintain 
arid bias for all sweep 
nd repetition rates 


OTHER FEATURES 
Voltage slibrat juare ave, 18 
steps from 2 " volts « 100 
ut | ke 
Electronically regulated power supplies 
4-KV accelerating potential on new 
10 by 10 divisions Tektronix crt 
(J¥a" * s/ Beam -position indicators 
Differential Input 


HORIZONTAL DEFLECTION SYSTEM, 


PARTIAL LIST OF APPLICATIONS FOR A HIGH- 


FREQUENCY “’X-Y” OSCILLOSCOPE 


Examination of semiconductor diode charac- 
teristics — volts vs amperes plot. 
Determination of B-H loops of ferromagnetic 
materials. 


. Linear amplifier distortion measurement, 


Limiting or expanding-amplifier perform- 
ance measurements, 

Displaying pressure vs volume diagrams. 
Analyzing amplitude selector type circuits 
such as Schmidt, diode pick-off, etc. 
Checking regulated power supply perform- 
ance. 

Measurement of voltage coefficient of re- 
sistors. 


. Performance tests of various modulation 


systems such as AM, suppressed carrier, FM, 
PTM, PAM, etc. 

Performance tests of demodulators for 
above modulation systems. 

Determination of various gating circuit char- 
acteristics. 

Function generator —y = f(x). 


Type 536 
Without plug-in units $995 


Type 53/54G 
Plug-in Units, each... 175 


Type 53/54T 
Plug-in Unit 
Prices f.0.b, Portland, Oregon 


SEE THE TYPE 536 AND 


BD adage os Nireaglice Te k fro rn ix TZ f Pe Ce OTHER NEW TEKTRONIX 


ee abet cees. oak INSTRUMENTS AT N.E.C. 
BOOTHS 192-193. 


sec/div in 22 calibrated steps, with 
variable control for continuous ad 


Laimest tren 0.3 nseasdle te P.O. Box 831 + Portland 7, Oregon 
sec/div, Phone CYpress 2-2611 + TWX-PD 265 + Cable: TEKTRONIX 
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GOOD APPEARANCE—FEEDERS UNDERGROUND (7 
"7 
w Cost Less w Save Space w blaster to maintain 




















HIGH VOLTAGE PSC CUBICLES, standard design—offer 
three-way economy for primary switching when space is 
limited, cost is a factor and where feeders are underground. 


CONSERVE SPACE Less area required than with open structure 
Standard PSC cubicles mean space requirements can be ac 
curately determined. Add a cubicle any time—up to 1200 amp 
total load, 


SAVE MONEY—R&IE fused interrupter switches, in PSC cu 
bicles, provide a high degree of protection. High interrupting 
capacity at moderate cost. 


REDUCE MAINTENANCE PROBLEMS—Easily operated; window 
front inspection; equipment accessible; universally-known 
power fuses. Can be handled by any factory or building main- 
tenance crew 


Add safety with optional TOG-L SNAP 
operating mechanisms. 


FUSBD HPL-C INTERRUPTER SWITCHES 


Ratings up to 14.4 Kv (110 BIL) Ask your I-T-E Representative to show you the 
600 Amperes —(40,000 amps. momentary) many economies of PSC cubicles. 


1200 Amperes —(60,000 amps. momentary) 
R&IE EQUIPMENT DIVISION 
1-T-E CIRCUIT BREAKER CO. 
GREENSBURG, PA. 
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You can rely upon 


KNOPP Standard 
Burden Sets... 
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The 
Burden 
of reliable 
tability 


tandard 


tering 


econdaries), 
iffered 


TELEPHONE AND TELEGRAPH EQUIPMENT 


Radio Engineering Products is currently producing a number of types of equipment, 
electrically and mechanically interchangeable with standard Bell System apparatus. 


CARRIER-TELEPHONE EQUIPMENT 
C5 Carrier-Telephone Terminal (J68756). A kit for adding a fourth toll-grade channel 
to existing C systems is available. * Cl Carrier-Telephone Repeater (J68757) © 121AC 
Carrier Line Filter © H Carrier Line Filter (X66217C). 


CARRIER-TELEGRAPH EQUIPMENT 
40C} 


(J70045D) 
COMPONENTS AND ACCESSORIES 


255A and 209FG Polar Relays * Repeating and Retard Coils, several types * 184, 
185, 230A and 230B Jack Mountings. 


when 
testing 


instrument 
transformers 














New York 
8 West 40th St 


Chicago 
84 East Randolph St 


Detroit 


100 Farnsworth Ave 








Knopp Standard W, X, and Y, are combined 
Sets offer burden in Type BSP-6; and the 
accuracy and tandard burden Z is sup 
and burdens that plied in Type BSP-7, two 
a freedom from of which can be used in 
fields and harmonic parallel to obtain ASA but a a on 
BSC-5 provides in den ZZ. Accuracy of resist- oF Bait Oe 
unit all three ASA ance and inductance value ths 
burdens for cur within 0.5 per cent 
transformers for me For full details about the 
ervice, i.e., B-0.1, Knopp Standard surden 
and B-0.5. For poten Sets, write today. 
transformer (120-¥v 
two sets are KNOPP INC. 
The three burden 4287 Holden $t., Oakland 8, Calif. 





Qualified Engineers! 


Engineering Societies 


Thousands of positions available 
with leading firms here and abroad 


Employer pays fee in many cases 


World-wide contacts and 


affiliations 


Write for weekly E.S.P.S. 


Positions Bulletin 


See Personnel Section of this 


magazine for partial listing 


of jobs 





Personnel Service 


Job Opportunities 


Register Today 















Carrier-Telegraph 
(J70036AI, etc.) * 40ACI Carrier-Telegraph Terminal. 


VOICE-FREQUENCY EQUIPMENT 
Telephone Re 
(J68635E2 and J68635A2) * V3 Amplifier (J68649A) * V-F Ringers (J68602, etc.) © 
Four Wire Terminating Set (J68625G1) © IC Volume Limiter (J68736C). 


D-C TELEGRAPH EQUIPMENT 
16B1 Telegraph Repeater (J70037B) * 10E1 Telegraph Repeater (J70021A) © 128B2 
Teletypewriter Subscriber Set (J70027A). 


TEST EQUIPMENT 
2A Toll Test Unit (X63699A) © 12B, 13A, 30A (J64030A) and 32A (J64032A) Trans- 
mission Measuring Sets * 111A2 Relay Test Panel (J66118E) * 118C2 Telegraph Trans- 

Set (J70069K) * 163A2 Test Unit (J70045B) * 163C1 


Measuring 


speater 


Channel Terminal 


(J68368F) © Power 


(J70047C) ® 


Supply 


140A1 


(J68638Al) © VI 


RADIO ENGINEERING PRODUCTS 





1080 UNIVERSITY ST., 


TELEPHONE 


UNiversity 6-6887 





GIA 





LILCTRICATI 


MONTREAL 3, 


ENGINEERING her rifting te 


CANADA 


CABLES 
RADENPRO, MONTREAL 


Carrier Supply 


Amplifiers 


Test Unit 





ibrated 
scales 
all levels 


noise 


MEASUREMENTS’ 


STANDARD SIGNAL 
GENERATORS 
2 Mc to 475 Mc 












Mode! 80 


EF” laboratory work and for testing and servicing 
of radio, mobile communication and television 
equipment. Self-contained, stable, accurate 


FEATURES 


Direct-reading scales and dials, individually cal- 
convenient microvolt and DBM output 


accurate indication of output voltages at 


low residual FM due to hum and 


provision for external pulse modulation 


Send for Bulletin 158 








Aaboralery Standards (FP 
MEASUREMENTS CORPORATION 


BOONTON * 


NEW JERSEY 
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Electrical 


Engineer 


Research & Development 


Electrical engineer with extensive 
experience in transient circuit de- 
sign. 


Stable position available with a 
progressive Company in the field 
of industrial automatic weighing. 


Familiar with transducers—strain 
gage type preferable—and associ- 
ated control circuits for application 
to physical measurements, elec- 


tronic integration, etc. 


Send complete resume giving com- 
plete details of education, past ex- 
current 
pected salary to: 


perienc e, carnings, ex- 


Richardson Scale Company 
Personnel Dept. 


Clifton, New Jersey 

















Challenging Career 
Opportunities in 
U.S. & Latin America 
with 
AMERICAN & FOREIGN 
POWER COMPANY INC. 


& SUBSIDIARIES 


ASSIGNMENTS WILL INCLUDE: 


A. Transmission & distribution 
engig 

B. System relaying & switchgear 
application 

C. Short circuit studies & calcula- 
tions 

D. Metering & voltage regulating 
problems 

E. me of Sub, generating and 
switching stations 

if you have had experience in the 

Public utility industry on any of 

the above, and are interested in 

joining one of the leading compa- 

nies in the field; 

Send complete resume, including 

salary requirements to 


DIRECTOR OF EMPLOYMENT 
AMERICAN & FOREIGN 
POWER COMPANY INC. 


& SUBSIDIARIES 
2 Rector St. New York 6, N.Y. 
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Your job: find the 
one in 60 million 
Direct distance dialing is the telephone 
industry's term for the comparatively 
recent introduction of dialing your long 
distance calls direct, instead of placing 
them through an operator 

Many electro-mechanical engineers 
at General Telephone Laboratories are 
working on the intricate and fascinat 
ing problems that continually arise in 
this particular phase ol telephony 

lo get an idea of the complexity of 
these projects, try to picture the tele 
phone network of this country as a 
single, integrated machine consisting of 
about 60 million telephones. Then con 
sider the task of connecting any one 
of these telephones to any other sim 
ply by dialing from ten to thirteen 
digits, instead of the conventional seven 
digits for local calls 

Kemember that the connection must 
be made as quickly as it is in dialing 
your next door neighbor and, of 
course, with the unfailing accuracy the 
public takes for granted in their dial 
telephone Now you begin to compre 
hend the complex circuitry and high 
speed switching that are the province 
of the telephone engineer 

Although direct distance dialing is a 
reality of some years standing in many 
parts ol the country, not all the prob 
lems have been threshe d out by a 
long shot. New detection methods are 
being investigated. Systems that work 
faster and take les 


space are the con 


stant goal. And, as with every innova 


tion in telephony, the problem of 
converting existing systems to handle 
the latest miracle is the telephone en 
gineers never-ending challenge 


The dial — 

automation’s granddaddy 

While the telephone industry did not 
invent the term automation, it did in 
and products 


vent most of the processe 


that have made automation possible 


Filming high-speed rotary switches to stud 


Operations in slow motion 


For instance, the invention of the dial 
telephone by Automatic Electric engi 
neers (that was 1892, believe it or not) 
led directly to automated assembly line 
automatic pin spotters, digital computer 

. you name it 

Automatic Electric is one of our affil 
iated manufacturing companies in the 
General Telephone System. Por genera 
tions it has been a leading sources 
control components tor industry as 
as the principal equipment manulacturet 
for ince pendent (non-Bell) tel phone 
companic And General Telephone 
Laboratories provide R&D support tor 
the entire sphere of Automatic Electric 
widely diversified manufacturing opera 
tions and for all of the other manufac 
turing and telephone operating compa 


nies in the General Telephone System 


You're invited... 


Ihe tremendou growth in the com 


munications industry specifically and in 
the application of automation pring iple 
in general have created many timulat 
Ing new engineerng Opportuniti here 
at General Telephone Laboratori« 
We're interested in you if you are qual 
ified for important research and devel 
opment work in electronic electrical 
electromechanical or mechanical en 
ginecrinyg, or phy it 


We can be 


about 


much more pecits 
our particular career destinations 
if you will write directly to Mr. Robert 
Wopat 


Laboratori 


General Tel phone 


Northlake, Illinois 


pre ident 


GENERAL TELEPHONE LABORATORIES 


NORTHLAKE, 


ILLINOTS 


A member of the General Telephone System—One of America’s great communication 
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ENGINEERS Ny 
oa 
PHYSICISTS MATHEMATICIANS 


Designers 


K 
P 


Important NEW Developments 
create 
ositions 


AT MELPAR 


Leading Research Laboratory in Suburban 
Washington, D. C. 


Several long range systems development 
programs have recently been awarded to 
Melpar, the execution of which require our 
engineers and scientists to pioneer into the 
no-man’s-land of science. Of a highly ad 
vanced nature, these programs are vital to 
the Nation’s defense and include weapons 
systems evaluation in a variety of fields and 
over 90 diversified projects in electronic 
R&D 


These long term assignments have created 
challenging openings which you are invited 
to consider. As a Melpar staff member you 
will become a member of a small project 
team charged with responsibility for entire 
projects, from initial conception to comple- 
tion of prototype. Your advancement will be 
rapid, thanks to our policy of individual 
recognition, which promotes you on the 
basis of your performance, rather than age 
or tenure, 


Wire or phone collect, or write to: 
Technical Personnel Representative 


MEL PA R ncorporated 


A Subsidiary of Westinghouse Air Brake Company 
3275 Arlington Boulevard, Falis Church, Va. 


10 miles from Washington, D. C. 


Openings Also Avaiiabie at Our 


Laboratories in Boston and Watertown, Massachusetts. 
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ELECTRICAL ENGINEERS 


you can 
help put the 
first 
nuclear 
powered 
plane 
in the air - 
at the AIRCRAFT NUCLEAR 
PROPULSION DEPARTMENT 
OF GENERAL ELECTRIC 


Think of contributing to one of 
the most important events in 
aviation history .. . helping 
bring out an engine that has un- 
limited range . .. where fuel 
can be measured in pounds per 
day rather than thousands of 
pounds per hour. 

Yes ... an engineer can make 
a name for himself here—and 
he doesn’t need previous nuclear 
training to do it. 

If you have from 1 to 5 years 
experience and enough flexibil- 
ity of mind to apply your tech- 
nical knowledge to new fields— 
you can start work immediately 
in project areas like these: 

¢ CONTROLS AND INSTRUMENTATION 


(pneumatic, hydraulic, electrical, 
magnetic, servos) 


* PRINTED CIRCUIT DESIGN 


© ENVIRONMENTAL TESTING FOR RE- 
ACTORS, TURBOJET ENGINES AND 
ASSOCIATED POWER PLANT EQUIP- 
MENT 


* ANALOG SIMULATION 


Your conventional skills will be 
fully utilized, you’ll learn new 
ones on the job—either through 
consultation with experts, 
courses in nuclear technology at 
the plant, or graduate study on 
a 100% Tuition Refund Plan. 


FREQUENT MERIT REVIEWS 
OUTSTANDING BENEFITS 
RELOCATION EXPENSES PAID 


PUBLICATION OF TECHNICAL 
PAPERS IS ENCOURAGED 


Choice of two locations: 
CINCINNATI, OHIO 
IDAHO FALLS, IDAHO 


Write in confidence, stating salary 
requirements, to location you prefer: 


J. R. Rosselot, P. O. Box 132 
Cincinnati, Ohio 


L. A. Munther, P. O. Box 535 
Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 
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How to make the most 
of your engineering career 


ONE OF A BERRIES 


go where 
engineers spark to 


id You get more satisfaction 

rvew l eas out of your career if you 
work with advanced, imaginative engineers— 
engineers who spark to, and inspire, new 
ideas. You'll learn faster, too, for this is the 
kind of engineering environment that 
stimulates thinking, and helps you to grow 
in stature, This, incidentally, is exactly 
the kind of engineering environment 


you'd be working in at Boeing. 


Boeing engineers, through the years, have 
pioneered advanced new concepts. They 

have developed aircraft that opened new 

eras in both civil and military aviation 
Among them: the world’s first modern 
twin-engine transport...the world’s firs/ 
pressurized four-engine airliner... the first 
high-performance heavy bomber America’s 
first multi-jet bomber... America’s 


first jet airliner, 


Right now Boeing engineers and scientists 
are working on advanced chemical fueled 
supersonic aircralt, supersonic guided 
missile weapon systems, inertial and 
electronic guidance, and top-secret research 
projects of the future. You'd 


enjoy working with them! 


Boeing offers this opportunity, now, to 


scientists, and to engineers of ALL categories. 


SELDEN fs 


Aviation leadership since 1916 


Make the most of your engineering career 
Fill in the coupon and mail it—today ! 


JOHN C. SANDERS, Staff Engineer, Personnel 
Administrator Boeing Airplane Co., 
Dept. £-47, Seattle 24, Wash 


R. J. B. HOFFMAN, Chief of Engineering Personnel, 
Boeing Airplane Co., Dept. E-67, Wichita 1, Kansas 


Mail this coupon to the address above from 
which you desire further information about the 
advantages of a career with Boeing 


Nome 

School's Degrees 
Address 

City 


Telephone Number 


0c. Sec 


Leaman 
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FOR ENGINEERS WHO WANT THE 
OPPORTUNITY FOR PROFESSIONAL LEADERSHIP 


... THERE ARE THESE 
POSITIONS IN 
AIRBORNE ELECTRONICS 
WITH RCA 


Join RCA Airborne Electronics and you'll work on a complete, 
integrated electronic system for aircraft! This is one of the con- 
tinuing, stimulating projects now underway at RCA Camden. There 
are immediate openings for engineers and scientists who would like 
to apply their experience in this very advanced effort that includes 


the Airborne Weapons Systems fields of 


@ Airborne Systems ¢ Airborne TV 


e Airborne Fire Control © Computers 
Engineering e Servomechanisms 


¢ Airborne Communications © Infrared 
& Navigation © Radar 


¢ Automatic Flight Control 


Specifically, RCA now has openings of great interest to men with 
BS degrees in Electrical or Mechanical Engineering, or Physics, 
You preferably should have some experience in the phases where 


these Opportunities are open: 


Vibration and stress analysis 

Electronic thermal design 

Transistorization 

Precision, mechanism design 

Pulse circuitry 

Communications systems analysis 

Electronic equipment packaging 

Aircraft installation and structures design 
Reliability and environmental problem solution 


There’s extra satisfaction, stability, security in RCA benefits that 
are among the industry’s most liberal... excellent starting salaries 
Tuition Refund Plan for advanced education... the small- 


company atmosphere of RCA’s small working groups. 


Please send a resume of your education and experience to: 


Mr. K. R. Ryman 

Engineering Personnel, Dept. 7-19) 
Radio Corporation of America 
Bidg. 10-1, Camden 2, New Jersey 


RADIO CORPORATION of AMERICA 


Defense Electronic Products 








What’s 
Your 


EQ? 


Over and above 
1.Q. . . . Westing- 
house-Baltimore is 
looking for men with 
E.Q.— Exceptional 
Qualifications. The 
company’s broad- 
based operations 
creates a continuing 
opportunity in cer- 
tain specialized areas 
for engineers with 
exceptional training 
and experience. 


If you feel that 
you have the quali- 
fications to accept 
the responsibility of 
advanced creative 
engineering, why not 
write and tell us 
about yourself. We’d 
like to send you our 
brochure ‘‘NEW 
DIMENSIONS’... 
it’s a picturesque in- 
troduction to Balti- 
more and a behind- 
the-scenes tour of the 
Westinghouse-Balti- 
more operation, 
Write directly to Dr. 
Jules A. Medwin, 
Westinghouse Elec- 
tric Corporation, 
Dept. 705, P.O. Box 
746, Baltimore 3, Md. 


Sk 


estinghouse 
iv ' BALTIMORE 


Advanced Llectroncs Systems Ordnance 
X Ray Carrer Microwave and inductoa 
Heating Cquipment for Miltary, indus 
tral, and Commercial Purposes 


An Engineer's Company 
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To engineers who want to straighten 


out the curves in their careers... 


DOUGLAS TEAMWORK 
HELPS TO RELIEVE 
ENGINEERS OF 
BURDENSOME 


PROJECT DETAILS! 


There are no “dead end” jobs at Douglas. As part of a crack engineering 

team, you'll be encouraged to use your full talents. Important 

assignments will give you the opportunity for greater accomplishments 

and the kind of future you want for you and your family. 

Wherever you choose to locate —in California or across the nation ft 

Douglas offers many career opportunities including... / 
otter Wit, PA 

TOP ASSIGNMENTS FOR THERMODYNAMICISTS! 

Mechanical Engineers work on all phases of on QOUGLAS +. 

analysis, design and installation of equipment involved ; ~_»_ 


in heating, cooling and air distribution at high speeds. > 


For important career opportunities in your field, write: FIRGT IN AVIATION 


c.C.LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX 620-Q 
SANTA MONICA, CALIFORNIA 





em 
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ENGINEERING 
SOCIETIES 
PERSONNEL 
SERVICE, INC. 


(Agency) 


New York 
8 West 40th S be Randolp 


Chicago 


Detroit San Francisco 


WOT , t St 
This placement service is sponsored by 
the Four Founder Societies for its members 
Why not make use of it? It is operated as 
a nonprofit organization ond the applicant 
these listings 
agrees to pay a fee at the rates listed by 
the Service. All replies should be addressed 
to the key numbers indicated and mailed 
to the New York office 


pottage to 


if placed as a result of 


Please enclose six 


cents in cover cost of mailing 


and return of application 


Two weekly bulletins of engineering po 
sitions open, one covering positions on the 
Pacific Coast and the covering Mid 
western and East Coast positions, are pub 
lished and each is available to members at 


other 


a subscription rate of $3.50 per quarter or 
$12.00 per 
$4.50 per 


annum, and to nonmembers at 


avuarter or $14.00 per annum 
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Positions Available 


ELECTRONICS ENGINEER, M.S 


for wind tunnel research in fluid mechanics 


preferred 
and 
microclimatology University research 
Federal 
clop an engineer 
difficult 
fluid mechanics. If ap 
holds a B.S. can study for M.S. in fF 
md PhD. in fluid mechanic Can study tor 
PHD. in fluid mechani with M.S 
West. W490 


project 


in cooperation with gency, Program 


is designed cle capable of 


olving unique and electrical instru 


mentation problems in 


Location 


ENGINEERS. (a 
ind Development, 40 
tivities of an R& D 


j 
in advance 


Head, Government Research 
M.S.E.5 to direct ac 
group of neers en 
technical acti in diverse 
Should have 
fvanced K 


Salar 


hela 
five to ten ear 
I) work simed it overnment Use 
$11.000-$14,000 a eat b Head 
Section M.S or 


tronic engineer fo ¢ 


related to data processing 


experience im ac 


Product 


Planning equivalent elec 


iluate need of 


field of 


product 


technica 


tem in compan interest Oppose 


ina pecil new compatible vith 


those tems. Should have experience in tem 


ialysi development work 
Knowledge of data handlin tech 


Salary, $10,500-$12,000 a year 


mathemat' even 
to ten cat 
nique required 
Fngineer 


B.S.E.F 


practical experience in electronic 


c) Electronic 


md Proj 


Application 


tis Group degree with a minimum 


of three eat 


circu ind equipment design and de clopment 


including one year in pulse techniques and one 


ear ex perience demonstrating ability and 


capacit to plan LIPET ise organize md 


Will work 


ignal 


coordinate technical work with con 


rsion oof) telemetry 


digital 


from analog to 


form et up format tor digital tape 


nd) punch and paper tape 
ele Salar $7500-S9000 a vear 
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1900 
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MANAGER 


preterabl 


electrical 


marketin mayor to 


head up electronic test and 


measuring equipment analog and 


Salar 


computer 
sircratt instrument 
Pacific Coast, W-507 


open Location 


ELECTRICAL ENGINEER 


vith two to five cat 


bachelor’s degree 


experienc Design peci 


fication procurement power distribution 


tom ind equipment, lighting controls 


renerator Design and construction 


motor 
exper nice 
Power plant desirable 


hospitalization 


required ex perience 


Compan liberal pension, insurance and 
Apply by 


ing education, year and college at 


plan longhand stat 


which degree 


i earned, experience marital and military 


tatu ivailabilit present ilary, two 


reference Location, Florida, W 
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Department of 
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proper qualification the Opportunity 
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tment; full) professorship 
on Salarte 


land. W 


would accompany 


open Location New 


Be sure to address all Personnel Serv 


ice box numbers to Box 
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ENGINEERS for an electronics company. (a) 
Junior Engineer, BS.E.E. or B.S.M-F 
none years experience on design of elec 
electro-mechanical 


with 
to om 
tronic o1 equipment with 
gear, Will perform 
development and 
test specifications. Salary, $6660 a year. (b) En 
B.S.E.E. or B.S.M.E 


ex perience on 


emphasis on communication 


engineering studies circuit 


gineer with three to five 
complex electronic and 


Will plan and per 
experimental investi 


Veal 
electro-mechanical projects 


form engineering studies, 


gation and design of electronic 
Salary, to $9200 a 


pany will pay placement fees 


equipment 


communication year. Com 


interview expenses 
Massa 


and relocation 
chusetts. W-5102 


ex penses Location 


ENGINEERS for an electronics compan " 
B.S.E.E. or B.S.M.1 with five 


experience on electronic 


Senior Engineer 
to seven years 

Will 
perimental investigation on 
Ma act a 
Salary, to $11,000 a year. (b 
B.S. degree, with 


ence on designs, de 


projects 
plan and perform engineering studies, ex 
complex problem 


project leader on entire project 


Project’ Engineer 


even or more year exper 


elopment and production 
electro-mechanical 
direct all 
with engineering and 
to $15,000 a year 


of electronic and 
Will 
iriou 


equipment 


coordinat plan and phrase ot 


project manutac 
Salary 


placement fee interview 


turing Company pays 
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lon expense Location, Massachusetts. W.510% 


SUPERVISORY 
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SYSTEM ENGINEER, re 


ional electrical engineer, thorough 


ly experienced in planning construction and 


operating practices of electric: transmission and 
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responsible positions is demon 


Public 
open. Le 
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strated organizational ability 1 
helpful 


104 


required 
utilit EX PETICNce Salar 


cation Alaska. W 


IRFACHING 
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Associate 


PERSONNEL for 
department 


electrical en 
Instructors Assistant or 
Professor in Comm Unica tions 
Applicants for A 
should have Ma 


engineering 


power 
chginecring courses 
Associate Protessor 
in electrical teaching 
experience desirable but not essential. Salary 
nine month Instructors, $4200-$5300; As 
Protessor, $5300-$6500; Associate Prote 
oO $6500-$7500 Available 1957. 
New York State. W 
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September, 
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RCA offers the most 
APPARATUS i a eis i 
interestin supervisor ositions 
ENGINEER “_ ui 


ENGINEERING MANAGER—DIGITAL EQUIPMENT 


Large, electrical manufacturer of Direct a young and progressive engineering team at RCA Moorestown, N. J., 
switchgear, unit substations transmis a group developing and designing information handling systems and digital 
sion and distribution switching and data processing equipment. You need: an engineering degree, considerable 
protective equipment desires services design and development experience, and demonstrated managerial ability 
of Apparatus Engineer for Atlanta, Salary to $14.000 

Georgia location. Duties initially will 
consist of contacting electric utilities 
in 4 southeastern states with our ¢s MANAGER DISPLAY AND INDICATOR DEVELOPMENT 
tablished field organization, specifi 
cally to do product line sales promo 
tional work on high level engineering 
basis. Man chosen will be graduate _ 
electrical engineer, 30-40 years of age, [he position includes technical direction, administration, personnel supervision 


All aspects of technical management are involved as you head a growing engi 
neering group developing a variety of equipments which use cathode ray tubes 


with successful engineering, operation and business planning. You will need 8 to 10 years’ experience in development 
or sales experience with class of supervision on equipment having cathode ray tubes as components. Preferably 
equipment listed. Travel required you should be familiar with radar and fire control systems 

60% -70% of the time. Home week 
ends. Substantial opportunity Re 4 . > - r 
fresher training provided initially and To arrange confidential interview, write: 
periodically. Address replies to 
David D. Brown Manager, Engineering Employment, Dept. V-9J 
Radio Corporation of America Moorestown, New Jersey 

BOX 566 
ELECTRICAL ENGINEERING 
34 West 39th Street 
New York 18, New York 


Giving complete resume of experience RADIO CORPORATION OF AMERICA 
and financial history MISSILE AND SURFACE RADAR DEPARTMENT 























ELECTRICAL ENGINEER ELECTRICAL ENGINEERS 
; Men needed with industrial experience in the application 
Permanent position now available with the south’s largest 
and newest me wsprint and pulp mills Position require s ce - 
gree in Electrical Engineering for design, drafting, cost 
estimation, and equipment selection 


of electronic controls, communication equipment, tele 
metering equipment, supervisory controls, control relay 
and related equipment required for the transportation of 
crude oil and refined products by pipeline. Immediate 

Mills located in Eastern Tennessee Valley. Excellent rec location in St. Louis, Missouri. Salary commensurate 
reational, residential facilitic Exceedingly favorable year with training and ability. Outstanding benefit progran 
round ¢ limate, near Chattanooga and Knoxville, Dennesse¢ 
Complete insurance, retirement, salary, and vacation pro UNUSUAL OPPORTUNITIES 
grams. All applications treated in confidence. Reply imum 


Sohio Pipe Line Company is the principal transportation 
diately submitting summary of experience to 


ubsidiary of The Standard Oil Company (Ohio) 
BOWATERS SOUTHERN PAPER CORPORATION Reply to W. H. Weber, Sohio Pipe Line Company, 7438 
Forsyth, St. Louis 5, Missouri, giving full particular 
regarding education, experience, salary requirement ina 
photo. Replies held in strictest confidence 


Risen 


Industrial Relations Department 


Calhoun, Tennessee 




















ELECTRICAL ENGINEERS WANTED for de- ELECTRICAL ENGINEERS 
velopment work on industrial instruments and We have openings with good opportunity for ad 
automation. This involves electronically actuated vancement at our Pittsburg, California and Baton Rouge 

’ Louisiana plants for electrical engineers, Applicant selected 
tor California plant will receive initial orientation training 
control and self-balancing recorders. Experienced in Baton Rouge, Louisiana, Minimum requirements BS de 
gree with preferably 4 or more years experience in heavy 
chemical plant design and maintenance, some instrumenta 


industrial instruments, telemetering, electronic 


Electrical Engineering graduates with working 
knowledge of servo mechanisms preferred. Liberal tion experience desirable. Liberal benefit plans. Salary com 

. . ‘ ‘ a , mensurate with ability and experience. Please submit 
paid benefits including insurance, hospitalization, 


and pension. Send your reply to W. D. McCrea, 


resume of training and experience to 


R. S. Asbury 
Ethyl Corporation 


Chief Engineer, The Bristol Company, Waterbury 


20, Connecticut. P. O. Box 341 - 
Baton Rouge, Louisiana 
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NGIN 


@ TECHNICAL DEVELOPMENT 
ELECTRONICS 


required for preliminary de 


ENGINEERS — 


Graduate engineet 


ign and 


analy of electronic-mechanical sy 


tem involving closed loop ervos and 
low frequen ampliher circuitry. A 
mathematical background and experi 
on digital 


ence with problem setup 


and analogue computers are e ential 


TECHNICAL DEVELOPMENT ENGINEERS —FLIGHT 
INSTRUMENTS & TRANSDUCERS Graduate 


enpinect re quire d for preliminary 


cle ign and analy is of mall precision, 


electro-mechanical, pneumatic device 


involving bellow diaphragms cam 


proportional pickofl sensors, pneumatic 


ampliher ervo loops, ete, A mathe 
matical background and experience 
digital 


very desirable 


with problem etups on and 


analogue ‘ ompuler are 


OPERATIONAL ENGINEERS Graduate engi 
neers for follow-on de velopment of the 
above mentioned product categories 
Phi 
laboratory circuit development of 
breadboard 


pecialized test equipment design and 


+ 


work include uch activities as 


and prototype hardware, 


construction, liaison with design draft 


THE 


9es! 

DivisiONns 
AIRESEARCH MANUFACTURING 
AIRESEARCH INDUSTRIAL 


AIRSUPPLY @ AIR CRUISERS « 


LILbLCTRI 


S. SEPULVEDA BLVD 


tie your future to the 


unlimited potential of 


system electronics 
at The Garrett 


Corporation 


As communication and control prob- 
lems multiply, one of the most rapidly 
growing of all missile and aircraft 
fields is that of system electronics. 
Stick-force reversal problems are 


solved by the air data system above, 





ing group, liaison with customer during 


initial equipment installation in  air- 


craft, engineering instruction writing 
for inspection and production depart- 
ment and additional engineering 


for 
efficient production of the equipment 


functions necessary establishing 


hardware, 


COMPONENTS ENGINEERS Graduate engi- 
neers to act as consultants in matters 
of vendor contact on electronic and 
electro-mechanical components. These 
positions 


require experience in come 


ponent testing as on potentiometers, 


capacitors, ete., and a knowledge of 
relative qualities and state-of-the-art of 
such components as manufactured by 
various vendors. Familiarity with mili- 


tary aircraft specifications desirable, 


DRAFTING DESIGN ENGINEERS Designers 
required for board work in originating 
packaging designs of electronic, 
electro-mechanical, and precision 


miniature pneumatic mechanisms. 


Send 
experience today to: 


Mr. G. D. Bradley 


resume of education and 


CORPORATION 


LOS ANGELES 465, CALIFORNIA 


LOS ANGELES @ AIRESEARCH MANUFACTURING. PHOENIX 


* REX *¢ AERO ENGINEERING 


AIRESEARCH AVIATION SERVICE 


CAL ENGINEERING when writing to 





advertisers 


(Continued from page 100A) 
Personnel Service, Inc. 


DIREC 


graduate 


OR Ot 
electrical 


CX PCTiCnce in 


SYSTEMS 
44-58, with 
stall and/or 
ina primary interests are in or 
related to an electrical field of 
utility. Will be re ponsi ble for determining the 
and extent of facilities and equipment 
required for servicing customers in the 
area; will plan future 
and installation of 
Salary, $15,000 a year 
Location, Midwest. W 


PLANNING 
five or more 


years line positions 


company whose 


endeavor, tor a 


nature 
utility s 
growth, oversee 
facilities 
with 
TRO 


purchase 
and equipment, ete 


additional benefits 


CABLE 
or Chil 
training 
five 
conductor 


SALES ENGINEER, 28-35, ELF 


uv ‘ 
degree ” 


ME 
alent combination of 
with at 


elling 


equi 


and experience least three to 


electrical multi 
manufacturing organiza 


years experience 
cables for a 
related 
sales department of such 
Should be 
management 
Some tra 
States. Starting 
plus expense 


land. W-5192 


tion. Similar or experience i 
a company acceptable 
executive calibre tor potential sale 
sdiministrative 


throughout the lt 


ind responsibilities 


cling required nited 


salar range, S8000-$9000 a vear 


travel Headquarters, New Eng 


FACILITIES 
eal electrical 
work to perform 
work 


machinery 


ENGINEER, B.S.E.F 


contracting or 


with two 
comstruction 
electrical engineering and 
tallation o 
plant facilities 


SORO00U-S8,750 a Veal 


related including in produc 


tion ind equipment 


etc, Salar Location, Mid 


vest. W-5198(a 
ELECTRICAL INSTRI 
GINEER, to 40, to do 


operate 


MENTATION EN 
plant electrical 
Will 
instrument in 
Salary 


rolina 


general 


engineering and instrument shop 


design moderately complic ited 


tallation for chemical proce plant 


$7000-$9500 a year. Location, North ¢ 


W 5206 


ELECTRICAL ENGINEERS. (a) 
ind Noise Engineer, clectrical 
background in RFE field 
characteristics 


Interference 
graduate with 
trength measurement 


ispects of 


propagation through 
frequencies All 


ina 


radar clectronic 


interference noise including evaluation 


measurement md design improvements in 
systems and/or unit equip 
$6000-$10,000 a year. (b) Sy 


with 


volving complete 


ment. Salary tems 


Engineer, electrical graduate background 


in allocation and use of communications tre 


quencies, Layout and design of specialized com 
Will 
background in use ofl 
$12,000 a vear c) Re 
electrical graduate or 
work in R & D 
development of cit 


munication systems need good theoretical 
Salary SH000 


ind 


above 


earch Development 


Engineer equivalent 


experience, to laboratory on 


theoretical and empirical 


cuits and devices of electronic, electro-mechani 


mechanical 
Will initiate 
testing of 


cal o1 nature to fulfill specified re 
and 


models 


quirement SUPECTY Ise con 


struction and and equipment 
to demonstrate 


Will 


iS project 


practicality of development 
chief engineering supervisor 
head. Salary, $6000-$10,000 a 


Washington, D.C. W.5220 


work under 
year 


Location 


ELEC 
gree in 
of three to 


IRICAI 
electrical 
five 
electro-mechanical 


ENGINEER 


engineering 


preterably ce 
with a 


years previous 


minimum 
experience in 
Salary 
Location, 


mechanisms 
SROOO-SUO000 a year 


224 (a) 


design of 
to start, about 


Connecticut. W 


SALES 


ENGINEER, 28-35 


mechanical, for 


graduate electri 
small manufacturer of 
Experience in this field not 
should three years 
and 


clevators required 


but have to experience in 
consultants. Salary 


New York, N. Y¥ 


contacting iurchitect 
to $10,000 a year 


W -5247 


Location 


PREACHING 


cal engineers 


PERSONNEI 
Excellent 
electrical 


graduate electri 


opportunities available 
to teach 
ment. Salaries 


excellent 


engineering in 
rank and teaching opportunities 

Appointments available starting Sep 
1957. Medium size university in Illinois 


new depart 


tember 
C-6374 


DESIGNER, electrical wiring, electrical 
equivalent, with five to 
industrial wiring and 
controls desired 
San 


grad 


uate or seven ycars 
control and 
Salary 


Francisco 


experience nm 
knowledge of automatic 
about $8400 a 
Cal, §-3007 


veal Location 


ELECTRICAL ENGINEERING 






























































ENGINEERS “SETTLE DOWN" TO GO PLACES 
AT RCA! 


Progress becomes a natural part of your engineering and 
scientific future at RCA. You advance as your performance 
warrants. You'll find yourself on the frontiers of electronics, 


in stimulating fields, like: 





MISSILE AND SURFACE RADAR ELECTRON TUBES 
AIRBORNE SYSTEMS SEMICONDUCTOR DEVICES AND MATERIALS 


COMMUNICATIONS COMPONENTS 
COMPUTERS MISSILE TEST INSTRUMENTATION 
INDUSTRIAL ELECTRONICS MILITARY SERVICE ENGINEERING 


Varied opportunities, attractive salaries, 
and modern benefits are of the type that Write: 
the world leader in electronics would nat- 
urally provide. An area appealing to you 
and your family may well be included Employment Manager, Dept. A-14J 
among RCA's locations in New England, 
California, Middle Atlantic States, Midwest, 
Florida, and Southwest. 30 Rockefeller Plaza 


James C. Rankin 


Radio Corporation of America 


If you feel your background is appropriate, New York 20, New York 
please let us know your interests. 





Tomorrow is here today 
at RCA 


RADIO CORPORATION of AMERICA 
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ELECTRICAL 
ENGINEERS 





If you have had engineering experience in any of the cat- 
egories shown below, Northrop Aircraft has an attractive 
position for you, with many benefits. important among 
therm are high compensation, challenging assignments, 
steady advancement, recognition of initiative and ability, 
and continued interest in your progress. Many outstand 
ing engineering positions are offered, as follows 

ELECTRICAL GROUP, which is responsible for the de 
sign of such things as power generation and distribution 
systems, rectifiers and power converters, and auxiliary 
systems as applied to manned aircraft, guided missiles 
and ground support equipment 

COMMUNICATIONS AND NAVIGATION GROUP, which 
is responsible for the design of C/N systems in manned 
aircraft and installation of guidance systems in missiles 

FIRE CONTROL RADAR GROUP, which is responsible 
for the installation and application of the most advanced 
type of fire control systems in fighter-interceptor aircraft 
The work covers the installation of the equipment and 
associated wiring; continuing liaison with equipment 
manufacturers preparation of system analysis and re 
ports; and follow-up of system performance in the field 
as aircraft become operational 

INSTRUMENT GROUP, which is responsible for the de- 
sign of instrument systems for manned aircraft and the 
installation of flight test instrumentation for guided 
missiles 

There are also opportunities for draftsmen with either 
electrical or mechanical experience 

At Northrop Aircraft you will be with a company that 
has pioneered for seventeen years in missile research 
and development. Here you can apply your skill and abil 
ity on top level projects such as Northrop’s new super 
sonic trainer airplane, Snark SM-62 intercontinental mis 
sile, and constantly new projects. And you'll be located 
in Northrop’s soon to be completed multi-million-dollar 
engineering and science building, today’s finest in com 
fortable surroundings and newest scientific equipment 

if you qualify for any of these representative positions, 
we invite you to contact the Manager of Engineering 
industrial Relations, Northrop Aircraft, inc., ORegon 
89111, Extension 1893, or write to: 1015 East Broadway, 
Department 4600-R, Hawthorne, California 


NOR 


ee 


NORTHROPA RA i " i/AWTH N LIFORNIA 


ali™M 
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ambitious? 


OPPORTUNITIES WHICH 
LEAD TO MANAGEMENT 


As an independent leader 
in the field of high perme- 
ability magnetics, we are 
expanding our creative 
engineering leadership. 
These are “threshold to 
management’ positions 
for which we need 


ELECTRICAL AND 
ELECTRONIC ENGINEERS 


Choose your own avenue 
of development or appli- 
cation work in instrumen- 
tation, magnetic circuitry 
and magnetic materials 

If you can qualify for a 
really bright future, send 
expertence summary to 


Mr. Keith Krewson, Mgr. of Personnel 
lig 
MAGNETICS inc. 
_ fam 


BUTLER 2, PA. 


(near metropolitan Pittsburgh) 











ELECTRICAL 
ENGINEERS 


Challenging positions open for high 
caliber Electrical Engineers to work in 
interesting research and development 
programs in instrumentation and cir 


cultry 


We offer an opportunity do non 
routing research with some of the 
leading engineers in the field. This is 
an Opportunity to be creative and ex 
perience satisfaction of accomplishment 


and contribution 


Excellent employee benefits, good salary 
and working conditions. Please send 


complete resume to 
P. Bloch 


ARMOUR RESEARCH FOUNDATION 
of 
Illinois Institute of Technology 
10 West 35th Street 


Chicago, Illinois 





lise? 
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Zz rofessional Engineering 


trect ory 


Professional Engineering Directory Card 1” or 2” 12 times $160.00 





BLACK & VEATCH 


Consulting Engineers 


Electricity--Water—Sewage—Industry 
Reports, Design, Supervision of 
Construction, Investigations, Valuation 
and Rates 


1500 Meadow Lake Parkway ‘ 
Kansas City 14, Missouri 





JACKSON & MORELAND. INC. 
Engineers and Consultants 
Design and Supervision of Construction 
Reports—-Examinations—Appraisals 


Machine Design—Technical Publications 
BOSTON NEW YORK 


FRANCIS W. RINGER 
ASSOCIATES 
Consulting Corrosion Engineer 


7 Hampden Ave MOhawk 4-2863 
Narberth (Suburban Phila.) Pa 








DeLEUW. CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 


Industrial Plants—Grade Separations 
Railroads—Subways—Expressways 
Tunnels—Power Plants—Municipal Works 
150 N. Wacker Drive. CHICAGO 6, Ill. 
| 79 McAllister St.. SAN FRANCISCO 2, Cal. 








THE KULJIAN CORPORATION 


Engineers « Constructors « Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro. Diesel) 


Utility « Industrial « Chemical 
1200 NO. BROAD ST., PHILA. 21. PA 














ELECTRICAL TESTING 
LABORATORIES, INC. 


East End Avenue, New York 21, W. Y 


SANDERSON & PORTER 
ENGINEERS 


DESIGN 


CONSTRUCTION 


New York New York 








PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
Structural © Civil 
%, ; wv Thermodynamic © Architectural 
isntd 
FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Pennsylvania 


SARGENT & LUNDY 
ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 








TRANSISTOR ENGINEERING 
8. Moskowitz D.D. Grieg N. J. Gottfried 
Product Transistorization. Complete Serv 
ice in consulting, research, development 
and production on transistor circuitry. 
products and instruments. 


Electronic Research Associates, Inc. 


67 East Center Street, Nutley. N.J. 
NUtley 2-5410 











CONSULT THIS DIRECTORY 


when in need of specialized 


engineering service 


SLAUGHTER COMPANY 


MANUFACTURERS OF TEST EQUIPMENT 

HIGH VOLTAGE INSULATION TESTERS 

POWER SUPPLIES STROBOSCOPES 
SPECIAL TEST EQUIPMENT FOR 
ENGINEERING AND PRODUCTION 


PIQUA 8, OHIO 








ELLMANN ENGINEERING CO. 


Designer and Manufacturer of Electrical 
Signals and Fire Alarm Systems. 


P.O. Box 3627 
Washington 7, D.C. 











MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial! A. Honnell 
Specialists in the Design and 
Development of 
Electronic Test Instruments 


Boonton, N.]J. 


F. C. TORKELSON CO. 


er 
j 


industrial Plant Design 
evelopment Esti 
oY tudie Plant 
146 South West Temple 
SALT LAKE CITY 1, UTAH 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design. Development and Manufacture 
of Transformers, Chokes, Et« 


or the 
Electronics, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.I., N.Y. 
EDgewood 3-2933 











MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 


UNIVERSAL WIRE & CABLE CO. 


Wire & Cable Specialists 
Stocking All Types Of Insulated Cable For 
Commercial and Industrial Applications 


2929 N. Paulina Chicago 13. ll 











INTERNATIONAL 
ENGINEERING COMPANY. INC. 


ngineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

Domestic and Foreign 

74 New Montgomery St 

San Francisco 5, Calif. 











Consult 
Z. H. POLACHEK 
Registered Patent Attorney 


1234 BROADWAY 
(At 3ist St.) 


New York 1, N.Y 


PHONE 
LO. 5-3088 





The J. G. WHITE 
Engineering Corporation 


Design— Construction—- Reports 
Appraisals 


80 Broad Street NEW YORK 
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ELECTRICAL RESEARCH 
For research and development 


ACTIVITICS graduate electrical engi- 
neer needed for expanding depart 
ment. Work will be concerned with 
current Carrying Capac ity radio and 
interference, and 
ot 


Characteristics 


has as 


tclevision meas 


aluminum conductor 
The 
its primary goal greater util 


of 
{ 


and distribution 


urement 
overall activity 
the 


ot 


ization aluminum for trans 


Hn) elec 


il energy 


precision ry pe 1S 


in modern equipped 
ot 


Elec 


direction 
Head 


sranchn 


laboratory under the 


Dr. E. W 


ical Engineering 


Gsreenfield 


Research and de velopment ex 


perience preferable but not manda 


tory 


Salary, commensurate with ex 


perience and training realistically 


reflects the re sponsibilities of this 


po 


Excellent benefits 


life 
tirement and savings plans. Moving 


j 
na 


ion pro 


including msurance, fe 


relocation allowances 


Pacific North 


st—the most desirable living and 


Location in- the 


working area in the nation 
All 


promptly 


Inquiries will be considered 


and in strictest confi 


de nce 


Write: 


E. Wayne Everhart, 


Administrative Assistant 


Department of 
Metallurgical Research 
Kaiser Aluminum 
& 


Chemical Corporation 


Spokane 69, W ashington 











ELECTRIC 





CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line, min- 
imum 5 lines, maximum 30 lines. Sale and purchase 
of used machinery, etc., $2.50 per line, not avail- 
able to dealers. Address orders to: Classified Section, 
ELECTRICAL ENGINEERING, 6th Floor, 33 West 39th 
Street, New York 18, N.Y 


When answering an advertisement, send all replies 
to box number specified, c/o ELECTRICAL ENGINEER- 
ING, 6th Floor, 33 West 39th Street, New York 16, 
N. Y., unless other address is given 





Positions Open 


PROFESSOR OF 
ING,—to teach and 


Should 


ELEC 


do rr 


IRICAI 
earch im the 
PhD 


$49 400.312.0000 


ENGINEER 
held of 
teaching 


Write 


communication have 


experience 


ENGINEER 


ign ol 


Flectrical Engineer 


bE 


nieve ca 


IRICAI 
in electrical de plants on 


Ex 


inecring 


power 


industrial plan Ex perience not required 


ortunity with 


op) 
n Middle West 


rking condition 


cellent consulting en 
Liberal benefit 
Send re 


tatement ot 


plans and 


firm 
ume otf educa 
with ilary 


192 


to: Box 


ACHIER eod for 


department Salarte 
back 


perinanent tall in an 


depending on 


Write to 


Louisiana 


expandin 


experience and academic rround 


cal En 
tn i 


imecnn Department 


juton Rouge, Louisiana 


ARY 


rate 


DESIGNERS 


time 


Lor 


mic «ne 


SAI 
hall 


position 


ELE RICA 

‘ ertime at 
Immediate Openin permanent pal 
required in 
suilding MAR 


120 Greenwich 


REctor 4749 


mal mation 
Plant Industrial 
CORPORATION 
York 6, New York 


holida 
Ve ‘ 
BARRY 


Street 


Experience 


i 
inne 


transformer de 


RS 


ineering 


Opening in ign 


md related apparatus, research and 
held of high 
of electrical properties of insulation 
B.S. or M.S 
enginecring 
but 


elopment in voltage phenome 


torclic 
heat transtes 


imialysi mad 


in electrical or mechanical 
not cs 


Electric 


years usetul 
Fielding 
Ma 


Experience up to tive 
Write W Ss 
Pittsheld 


ential General 


Compan 


years ot 
large A( 
apparatus 


1 Expanding plant facilitte - 0 


progre Leading manutacturer ol 
control 


Stability 


yenerator md 


dad 


OPPOTTUnils 


motor 
I hese 


up to prestige and 


meer in (1 


excep 


company has opening 


for electrical en 


Sale Dept in 


Headquarter 
engineering (Sales 
Neyotiation Field Sales Offices 
Control Enginecring Dept and im (4) Syn 
Motor Design. Location 
Paradise. Box 558 


ipplication 
and Service, (2) 
chronous or Induction 
Minnesota—Sportsmens 
for 
power 
years’ min 
interpreta 


TRANSFORMER 


basic des 


DESIGN ENGINEER 
oil filled distribution and 
B.S. in E.E. with § 
Position involves 


ign ot 
transformer 

imum experience 
tion of and 
Knowledge 


system 


design to customer 
of drafting practice and information 
Excellent opportunity with 
transformer $7500 


59 


specifications 
necessary 
manufacturer 
Box 


new agyeressive 


$8500 per year Reply to magazine 


NOTE: Closing date for material to be set in 


the classified advertising column, as well as 


cancellations for running ads, must be received 


not later than the twenty-fifth of the second 


month preceding; i.e., November 25th for the 


January issue 


{L. ENGINEERING when writing 





to advertisers 


MECHANICAI 
Graduate 
clectric 


ENGINEERS 

mechanical engineers 
production by generation 
rience desirable, not required. Male. Age 
Excellent opportunity to grow with a rapidly 
expanding electric utility in Central and North 
ern New Jersey. Please submit Box 560 


WANTED 
interested in 
Exp 


22-40 


steam 


resume 


CORNELI 
IN¢ 


and physicists for all phases of missile 


AFRONAUTICAL LABORATORY 
is seeking experienced electronic engineers 
and air 
Openings exist in theoretical 
experimental and 
and development 
information and should be 
Cornell Aeronautical 
Strect, Buffalo 21, New 


plane electronics 


analytical design testing 


Requests 


sent to 


work in research 
for 
3 


Ine 


resumes 
Laboratory 


York 


Swannie 
1455 Genesee 


APPLIED 


initiate 


PHYSICIST 


new studi 


(MS) 
and 


OR EE (MS). To 
electrical 
will 
State 


basic analysi 


of snap-acting switche I hese involve gen 


eral investigations of steady and transient 


well as such a 


external 


condition 4 
the effect of 


special problem 
helds 


and 


magnetic on ar 


movement humidity ure 


This 


ane 


I emperature pres 


of surrounding gas must be considered 


will theoretical 


the 


require a background 


ability to 


trong 
Please 

MICRO 

Honey 


id evaluate 
Mr. M. H. Nelson 
Minneapoli 

[line 


experiment 
end resume t 
SWILICH Div 


Regulator 


ision oof well 


Compan breeport 
OPPORTI 
NEER 
ec, Permanent position in 
Flectric Utilit 


NIELTY FOR 


ted in 


ELEC 


locating in 


IRICAI 


middle 


ENGI 
lennes 
cle part 


intere 
engineering 
ment of Full detail 


40% wy 


ELECTRICAL 


neapoli 


ENGINEERS 


he siquarter 


Min 


department o 


Position at 
wcTVice 


progressive manufacturer of large ncohronou 


and induction motors has unusual opportunit 


with responsibility for experienced man who 


with all 


ipparatus, Bos 


prefers freedom in working depart 


ments regardin ill lines of OM 
GRADUATHI 
ultversity in 
1958 Assistant 


Science degree in 


ASSIST AN TSHIPS § are 
the Southeast 
may obtain the Ma 
Electrical Engineering in 


Box 569 


available 
at a for September 
ter ot 
twelve month Luition free 
ELECTRICAL ENGINEER 
ing with consulting engineering firm in Corvallis 
work in the 
SYSLCMS in 


Permanent open 


Oregon, wide variety of interesting 


design of power plants, distribution 
dustrial control 
Pleasant 


college 


instrumentation 
living conditions 


special studies 


eu close to work in 


community. Give references, experience 
alary expected in letter to Cornell 
Haye Merryfield, P.O. Box 612 


Ore 


and starting 
Howland 
Corvalli 


ind 


gon 


Positions Wanted 


COMMUNIC 
aged 35 
System 


ATIONS EXECUTIVE B.S.E.F 
Army Communications, 4 years 
years chief executive Line & 
Radio Region, intimate knowledge Europe 
Asia and Far East, requires organizing man 
agerial or representative position involving 
initiative and responsibility. Warm climate pre 
ferred, all replies answered. Box 570 


6 years 
Design, 3 


BRITISH 
4 years 
mentation 


ENGINEER 
post-graduate experience 
data processing, simulators 
Also 5 years apprenticeship 
Box 571 


PhD after 
Instru 


(30) taking 
on 
digital 
computers Married 
Location open 

PROFESSIONALI 


Ontario 


ENGINEER, Canadian 
Twenty years 
design and production small electro-mechanical 
devices len 
and engineering 
cultural developments in 
managing 


regis 
tered in experience in 
years experience in 
research in large 


development 
scale agri 
Africa. Capable of 
will travel in 
Available May 
fall in New York 


factory or 
country 
this 


small any 
1958 


City 


non- Communist 
Can be 
Box 572 


interviewed 


A.1.E.F TRANSACTIONS 
back volumes and 
technical Journals—EFE. F 


Street, New York 10, New 


buy for 
also other scientifie 
ASHLEY, 27 East 
York 


wanted to 
cash sets 
and 


2ist 
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INO 
SECOND 
BasT 


When an aggressor threatens, you can’t be 
second best. 
That’s the way it is in our business, too 


Our busin« 


nu le ar weapons 


; is design and dev lopment of 


weapons that stop poten 


tial ind defend our freedom 
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never did, and ask for your 
FREE MUELLER CATALOG 
of ELECTRIC CLIPS AND 
INSULATORS. Do it today, 
while you're still young! 
You'll make better connec- 
tions in the future, with this 
handy illustrated index of 
electric clips for every type 
of quick test connection, 
We've been making newer and better clips 
since 1908 and recently designed the world’s 
only truly miniaturized test clip. It’s called the 
“Mini-gator”, and is so inexpensive we'll send 
you a free sample along with the catalog. 
THE “MINI-GATOR” ott 


Shown actual size 


WRITE FACTORY — FREE “MINI-GATOR” AND CATALOG 


Wuckler_Cbcluc& 


CLEVELAND 14, OHIO 


1557G EAST 3ist STREET * 
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OILOSTATIC SYSTEM 
automatically handles 138kv 


for Utah Power & Light 


Recently the Utah Power & Light Co. started opera- 
tion of the third section of its new Gadsby steam- 
electric station to supply the growing power demands 
of the Intermountain West. 

For the all-important high voltage transformer 
leads, an underground Okonite Oilostatic system was 
selected and installed by the Bechtel Corporation. 

This system consists of paper-insulated cables in- 
stalled in a welded steel pipe filled with oil maintained 


at 200 psi. The advantages of this type system are: 


1. Proved reliability, ruggedness and stability. 
2. High normal and overload current carrying 
capacity. 


Co. 





This 138kv underground 
self-supervising Oilostatic 
transmission system provides 
maximum safety at low cost. 
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. Low initial cost compared to duct systems, plus 
space savings. 

. Low maintenance cost through self-supervision. 
5. Ideal for high voltage transmission in congested 


areas. 


6. Provides maximum safety. 
Proof that Utah Power & Light can expect to get 
outstanding performance from this installation is the 
fact that Okonite Oilostatic systems have been in suc- 
cessful operation since 1932. 
For information on Oilostatic which has been in- 
stalled to handle potentials as high as 230kv, write 


for Bulletin E¢ 


¥-1044. Address: 


The Okonite Company, Passaic, New Jersey. 


available with either copper or aluminum conductors 


where there’s electrical power... there’s OKONITE CABLE 





ULTRASONICS 


Attenuation trace of Zircaloy structural component with ultrasonic pulser operating at five megacycles. 


Testing Nuclear Materials 


the correct thermal transfer property necessary 
for satisfactory operation of the reactor, a fuel 


Ultrasonics is employed as a new inspection tech 


nique by electrical engineers at Bettis Atomic 


Power Division for the non-destructive testing of 
materials for nuclear power plants. In this context 
ultrasonics refer to complex electrical equipment, 
uch as high frequency pulsing circuitry, video 
circuits, and facsimile recording used to produce 
and detect sonic vibrations 

\t settis Atom 


design and develop this ultra-high fre 


Power Division, electrical 
ernwinee! 
quency sonic equipment, as well as auxiliary equip 
ment consisting of new and improved types of 
recording systems and electro mechanical s« anning 
equipment, With such apparatus, engineers can 
now evaluate nuclear materials of both fuel and 


structural core component 


element must be well bonded. An unbonded area 
indicates a separation between the fuel element 
cladding and the fuel filler material. A localized 
unbonded area can cause thermal hot spots, which 


are a source of accelerated corrosion .a fuels and, 
correspondingly, a possible area failure within 
a reactor. 

Challenging opportunities at Bettis Atomic 
Power Division include instrumentation, control 
systems and electrical apparatus for nuclear power 
plants. We welcome inquiries from electrical engi- 
neers interested in the excellent careers offered by 
one of the leaders in the new and growing nuclear 
power industry. Please send your résumé to: Mr. 


M. J. Downey, Bettis Atomic Power Division, 
Westinghouse Electric Corporation, Box 1468, 
Department A-191, Pittsburgh 30, Pennsylvania. 


One application of these techniques to nuclear 


materials concern the determination of uccessful 


bonding of sandwich type fuel elements. To attain 


BETTIS ATOMIC POWER DIVISION 
Westinghouse 





ELECTRICAL ENGINEERING 





...for Capacitance and Dissipation-Factor Measurements is the 
G-R Type 716-C Capacitance Bridge. This instrument is used the world over for the accurate 
measurement of these characteristics and their change with frequency, temperature, and humid- 


ity. In addition to the measurement of all types of capacitors and dielectric properties of insulat- 


ing materials, the Bridge is capable of measuring resistance and parallel capacitance of high- 


valued resistors, up to several thousand megohms; inductance and storage factor of inductors, 
up to several thousand henrys; characteristics of electrolytes, and many other impedances 
by substitution measurements. Type 716-CM Capacitance Bridge 
in Walnut Cabinet, $600 
716-CR Relay Rack Model, $565 


———--- —- + 








for use between 0.5 Mc and 3 Mc 
Type 716-CMS1, $580 Type 716-CRS1, $545 
Also available are oscillators, null detectors, filters, and a 
dielectric sample holder for measurement of solid materials 


Write For Complete Information 


DISCAPS, manufactured by Radio Materials Corporation, meet the highest standards for 
cera apacitors. Every unit is tested for acceptable power factor apacity, and leakage 
resistance with the aid of the finest measuring instruments of their kind the G-R Type 
16-C Capacitance Bridge tor high-dielectric materials, Type 722 Precision Capacitor with 
worm-correction for low-dielectric materials. Capacitance measurements by substitution 
nethods give accuracies of the order of 0.1 The G-R Type 1691-A Test Fixture eliminates 
the effects of ‘lead apacitance 


All G-R Products 
Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 1000 N. Seward St. LOS ANGELES 38 are now covered by a 


silver Spring, Md. WASHINGTON, D. C 1150 York Road, Abington, Pa. PHILADELPHIA 


22 Los Altos Ave., Los Altos, Calif. SAN FRANCISCO 6605 W. North Ave. Oak Park CHICAGO a = Year Warranty 


in CANADA; 99 Floral Parkway, TORONTO 15 
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NEW General Electric walk-in unit lets you... 


Place your switchboards outdoors to 
save installation, construction costs 


@ You save cable costs by installing your switchboards closer to 
the protected equipment. 








@ You save space required for control buildings by installing your 
switchboards outdoors. 


®@ Your outdoor unit comes completely assembled for quick, easy 
installation. 


@ Your operational schedules are not disrupted. Walk-in units can 
be serviced in inclement weather. 


@ For more information, call your nearest G-E Apparatus Sales 
Office, or write Section 511-23, General Electric Company, 
Schenectady 5, New York. 


Progress /s Our Most /mportant Product 


GENERAL G@ ELECTRIC 





Work space is heated, lighted. 


